1. Introduction
===============

Perception of visual and auditory hallucinations in the absence of any apparent stimulus has been recognized since antiquity but similar perceptions of olfactory hallucinations may not have been recorded until 131 A.D. when Aretaeus, the Cappodocian wrote "a heavy smell sometimes preceded the accession of a paroxysm" \[[@B1-brainsci-03-01483]\]. Association of an odor preceding a subsequent seizure-like event was emphasized with his statement "sometimes the smell of the gagate stone makes them fall down" \[[@B1-brainsci-03-01483]\]. The odor preceding the seizure was considered an aura, a term introduced by Pelop, the master of Galeni to describe literally "a breath of air" \[[@B2-brainsci-03-01483]\]. The term was then associated with the Latin translation as odor or breeze, which was subsequently applied to all sensations preceding a seizure, and recognized as a spontaneous sensation without a specific initiating stimulus. Auras clinically associated with a subsequent seizure were considered to represent manifestations of early stages of build up of abnormal, synchronous electrical activity \[[@B3-brainsci-03-01483]\].

Historically, all sensory phenomena preceding a seizure were classified under the general term hallucination although the modus operandi for each sensory modality might differ and the mechanism(s) which initiated the so-called hallucinatory activity related to a multiplicity of antecedent causes. The word hallucinate derives from the verb to dream and hallucination defined as a dream-like state with perception of objects with no reality \[[@B4-brainsci-03-01483]\] clinically described as a disorder of the nervous system; this term may have been first introduced clinically in 1837 in Esquirol's textbook \[[@B5-brainsci-03-01483]\] and, hence, it acquired a pathological implication usually related to an altered mental state. The term apparition, derived from the verb appearance \[[@B4-brainsci-03-01483]\], defined simply as an unusual appearance \[[@B4-brainsci-03-01483]\], is usually applied to visual perception of a non-existent ghostly figure without any clinical implication. The term phantom has been applied to these same phenomena defined as something apparent to the sense, e.g., a ghost or spectre, but without substantial existence or initiating stimulus \[[@B4-brainsci-03-01483]\]. These terms have been commonly used to describe transient visual or auditory phenomena, which are usually frightening or threatening although their physiology was not clearly specified. The terms aura, dreamy state and hallucination, describing the same fixed sensation have, on occasion, been used and considered interchangeable, as with Jackson's localization of a dreamy state prior to a seizure related to a temporal lobe lesion \[[@B6-brainsci-03-01483],[@B7-brainsci-03-01483],[@B8-brainsci-03-01483]\].

There is considerable confusion related to diversity of auras \[[@B9-brainsci-03-01483],[@B10-brainsci-03-01483],[@B11-brainsci-03-01483],[@B12-brainsci-03-01483],[@B13-brainsci-03-01483]\] and to what an aura represents. On the one hand aura has been formally defined as "that portion of the seizure which occurs before consciousness is lost and for which memory is retained afterwards" \[[@B14-brainsci-03-01483],[@B15-brainsci-03-01483],[@B16-brainsci-03-01483]\]. This suggests aura is part of the seizure complex \[[@B17-brainsci-03-01483],[@B18-brainsci-03-01483],[@B19-brainsci-03-01483],[@B20-brainsci-03-01483]\], is associated anatomically with the mechanism initiating the seizure (tumor, mesial temporal sclerosis, *etc*.) and has value in localizing \[[@B13-brainsci-03-01483],[@B21-brainsci-03-01483],[@B22-brainsci-03-01483],[@B23-brainsci-03-01483],[@B24-brainsci-03-01483],[@B25-brainsci-03-01483],[@B26-brainsci-03-01483]\] or lateralizing \[[@B14-brainsci-03-01483],[@B16-brainsci-03-01483],[@B17-brainsci-03-01483]\] seizure onset. Attempts have been made to classify aura on a systematic basis (e.g., simple and complex \[[@B27-brainsci-03-01483]\]). Some investigators suggested aura was the whole seizure \[[@B16-brainsci-03-01483]\] whereas others suggested that it only preceded the seizure \[[@B10-brainsci-03-01483]\]. On the other hand, several investigators questioned the localizing value of aura \[[@B28-brainsci-03-01483],[@B29-brainsci-03-01483],[@B30-brainsci-03-01483],[@B31-brainsci-03-01483]\] and some considered it an unnecessary component of epilepsy, albeit auras of taste and smell were considered reliable indicators of temporal lobe lesions \[[@B27-brainsci-03-01483]\]. With stereoelectroencephalography, particularly in amygdala, temporal or olfactory bulb regions, olfactory hallucinations were reported with electrical brain stimulation \[[@B21-brainsci-03-01483],[@B24-brainsci-03-01483],[@B32-brainsci-03-01483]\] whereas gustatory hallucinations were reported with stimulation in hippocampus and amygdala regions \[[@B32-brainsci-03-01483],[@B33-brainsci-03-01483],[@B34-brainsci-03-01483]\]. We have extended these concepts by use of techniques of functional magnetic resonance imaging (fMRI) of brain \[[@B35-brainsci-03-01483]\] and by use of metabolic studies using magnetic resonance spectroscopy (MRS) \[[@B36-brainsci-03-01483]\] to describe the hallucinatory activities of these patients. By use of these techniques we have been able to develop both neurological and metabolic concepts upon which this hallucinatory activity is based.

A pathophysiological dissociation of seizure and aura was first proposed by Jackson who suggested auras might arise connected to but not in the seizure focus \[[@B37-brainsci-03-01483],[@B38-brainsci-03-01483],[@B39-brainsci-03-01483]\]. Sperling *et al*. using intracranial electrodes found limbic EEG correlates of auras lacking in patients who had specific limbic seizure localization \[[@B31-brainsci-03-01483]\]. Penfield described "experiential auras" elicited by electrical stimulation of temporal neocortex, not limbic cortex \[[@B21-brainsci-03-01483]\]. Gloor *et al*. stated aura represented activation of a neuronal network \[[@B24-brainsci-03-01483],[@B40-brainsci-03-01483],[@B41-brainsci-03-01483]\]. Auras have been associated with simple \[[@B42-brainsci-03-01483]\] and complex \[[@B30-brainsci-03-01483]\] partial seizures and considered to arise from specific brain regions; resection of this region (defined by subdural EEG recordings) resulted in cessation or significant reduction of these seizures in 60% of patients in one study \[[@B42-brainsci-03-01483]\]. However, as noted, the region from which EEG discharges arose may not be the only region in which functional alteration produced clinical features of simple partial seizures \[[@B11-brainsci-03-01483],[@B32-brainsci-03-01483],[@B42-brainsci-03-01483],[@B43-brainsci-03-01483],[@B44-brainsci-03-01483],[@B45-brainsci-03-01483],[@B46-brainsci-03-01483]\]. Using brain fMRI we have shown localization of phantosmia (*i.e.*, an olfactory hallucination in the absence of any external odor stimulus \[[@B35-brainsci-03-01483]\]) in frontal, orbitofrontal and cingulate cortex and for phantageusia (*i.e.*, a gustatory hallucination in the absence of any oral stimulus) in insular cortex \[[@B35-brainsci-03-01483]\].

Auras have persisted even after removal of pathological substrate for seizure discharge \[[@B24-brainsci-03-01483],[@B40-brainsci-03-01483],[@B41-brainsci-03-01483]\]. Conversely, patients with simple partial seizures related to focal temporal lobe activation may not exhibit aura of any type but after successful surgical resection of a localized focus which eliminates seizures with or without a motor component, aura may appear; this aura may be of any sensory modality but an intermittent recurrent olfactory aura or phantosmia is common (S.J. Potolicchio, unpublished observations). While most patients considered elimination of seizures with or without a motor component as successful seizure treatment following surgical central nervous system (CNS) resection, aura onset was considered a negative post operative component. Aura believed to be the beginning of convulsive attack or seizure \[[@B45-brainsci-03-01483],[@B47-brainsci-03-01483]\], following successful CNS surgery for intractable epilepsy, has been reported to persist albeit patients were seizure free (*i.e.*, with or without motor components \[[@B47-brainsci-03-01483]\]). These results relate to auras of many types including visual, auditory, somatosensory, viscerosensory, gustatory or olfactory \[[@B47-brainsci-03-01483]\].

Patients with both temporal lobe epilepsy \[[@B14-brainsci-03-01483],[@B24-brainsci-03-01483]\] and migraine headaches \[[@B48-brainsci-03-01483],[@B49-brainsci-03-01483],[@B50-brainsci-03-01483],[@B51-brainsci-03-01483],[@B52-brainsci-03-01483],[@B53-brainsci-03-01483],[@B54-brainsci-03-01483]\] also reported olfactory auras prior to seizure or headache pain onset, respectively. One group of authors related these phantosmias to trigeminal nerve activation \[[@B55-brainsci-03-01483]\]. These auras were related to suspected CNS pathology in temporal lobe in epilepsy (v.i.) and initially to medial temporal lobe ischemia in migraine \[[@B48-brainsci-03-01483]\]. However, more recent studies have considered the physiological substrate of migraine aura to relate to cortical spreading depression and blood flow changes more related to oligemic neuronal dysfunction rather than primary cerebrovascular ischemia. Odor character was usually reported as obnoxious or unpleasant. Phantosmia in patients with migraine on occasion was familial with both mother and daughter experiencing the same type of olfactory aura and headache \[[@B50-brainsci-03-01483]\]. This may not be unexpected since a positive family history of migraine has been reported in 20%--70% of cases \[[@B48-brainsci-03-01483],[@B56-brainsci-03-01483],[@B57-brainsci-03-01483]\]. Patients with auras and temporal lobe epilepsy commonly exhibited EEG abnormalities \[[@B16-brainsci-03-01483],[@B32-brainsci-03-01483]\] whereas those with aura and migraine usually exhibited both normal EEGs \[[@B34-brainsci-03-01483]\] and CT brain scans \[[@B34-brainsci-03-01483]\]; however, these latter patients can also exhibit paroxysmal EEG and other neuronal abnormalities \[[@B58-brainsci-03-01483],[@B59-brainsci-03-01483],[@B60-brainsci-03-01483],[@B61-brainsci-03-01483],[@B62-brainsci-03-01483]\] suggesting an underlying neuronal component in the generation of these symptoms \[[@B63-brainsci-03-01483],[@B64-brainsci-03-01483]\]. The aura of migraine has been considered a separate phenomenon from the headache \[[@B65-brainsci-03-01483]\], considered by some investigators to be determined by aura suceptibility genes \[[@B66-brainsci-03-01483]\], the pain associated with other genes \[[@B67-brainsci-03-01483],[@B68-brainsci-03-01483]\]. Some investigators considered migraine aura characterized by a wave of oligemia \[[@B67-brainsci-03-01483],[@B69-brainsci-03-01483],[@B70-brainsci-03-01483]\], considered the human counterpart of Leão's spreading depression \[[@B71-brainsci-03-01483]\] that passes across the cortex.

Some investigators reported more than 50% of patients with temporal lobe epilepsy had an aura of some type \[[@B14-brainsci-03-01483],[@B17-brainsci-03-01483],[@B18-brainsci-03-01483]\]. Estimates of frequency of olfactory auras associated with seizure activity vary considerably ranging from 1% or less \[[@B42-brainsci-03-01483],[@B72-brainsci-03-01483]\], to 8% \[[@B23-brainsci-03-01483],[@B73-brainsci-03-01483]\], to 16%--20% \[[@B17-brainsci-03-01483],[@B74-brainsci-03-01483]\] to over 30% \[[@B75-brainsci-03-01483]\]. Reports of incidence of phantosmia in patients with temporal lobe foci vary from 6% to 12% \[[@B32-brainsci-03-01483],[@B51-brainsci-03-01483]\] whereas with occipital or central foci incidence was 4% and 3%, respectively \[[@B32-brainsci-03-01483]\]. Gustatory hallucinations in patients with seizures have an incidence reportedly about one-half that of olfactory hallucinations \[[@B16-brainsci-03-01483],[@B33-brainsci-03-01483]\] or as low as less than 1% \[[@B73-brainsci-03-01483]\]. Gustatory hallucinations have been reported in patients with temporal lobe epilepsy \[[@B33-brainsci-03-01483],[@B34-brainsci-03-01483]\]. While reports of visual and auditory hallucinations are much more frequent than olfactory or gustatory hallucinations in patients with epilepsy, these latter sensations have been described as being the most prominent and consistent features of a seizure disorder \[[@B14-brainsci-03-01483],[@B27-brainsci-03-01483],[@B34-brainsci-03-01483]\].

Most frequent reports of olfactory hallucinations without subsequent clinical motor activity are in psychiatric literature \[[@B76-brainsci-03-01483],[@B77-brainsci-03-01483],[@B78-brainsci-03-01483],[@B79-brainsci-03-01483]\] with estimates ranging from 11% to 83% among patients with schizophrenia \[[@B80-brainsci-03-01483],[@B81-brainsci-03-01483],[@B82-brainsci-03-01483],[@B83-brainsci-03-01483],[@B84-brainsci-03-01483]\] and from 19% to 33% among patients with major depressive illness \[[@B85-brainsci-03-01483]\]. Phantosmia has been reported in patients with severe depression \[[@B86-brainsci-03-01483]\]. Patients with schizophrenia commonly do not describe their phantosmia distinctly; they usually use vague descriptive terms such as strange or peculiar although phantosmia is generally considered unpleasant. About 25% of patients with what has been termed the olfactory reference syndrome \[[@B87-brainsci-03-01483],[@B88-brainsci-03-01483],[@B89-brainsci-03-01483],[@B90-brainsci-03-01483]\] reported perception of a foul odor emanating from a body orifice other than nose or mouth or on occasion from the body as a whole (e.g., skin) unrelieved by any maneuver to remove the odor such as a cleaning procedure; this syndrome is characterized by this fixed, monosymptomatic odor. Successful treatment of this syndrome has been reported by use of aripiprazole presumably as its use as a partial agonist of dopamine D~2~ receptors in the olfactory bulb \[[@B91-brainsci-03-01483]\]. On the other hand, psychiatric symptoms have been associated with several types of organic brain lesions \[[@B92-brainsci-03-01483],[@B93-brainsci-03-01483],[@B94-brainsci-03-01483]\].

More recently, olfactory hallucinations without subsequent clinical motor activity have been reported in as many as 29% of patients with several types of eating disorders \[[@B95-brainsci-03-01483]\], in patients with hypochondriasis \[[@B96-brainsci-03-01483]\] or associated with enuresis \[[@B97-brainsci-03-01483]\]. Olfactory hallucinations have occurred after use of intravenous caffeine infusion \[[@B98-brainsci-03-01483],[@B99-brainsci-03-01483]\] but with these patients having associated seizure induction. Gustatory and olfactory hallucinations have occurred after treatment with bupropion \[[@B100-brainsci-03-01483]\]. Phantosmia without associated seizure induction has also been reported in over 60% of patients who reported hyposmia following head injury \[[@B101-brainsci-03-01483]\], following a variety of other clinical conditions \[[@B102-brainsci-03-01483]\], following intake of therapeutic drugs \[[@B103-brainsci-03-01483]\] and for no clinically apparent cause \[[@B35-brainsci-03-01483],[@B104-brainsci-03-01483],[@B105-brainsci-03-01483]\].

Incidence of phantosmia without seizure activity has been reported by other investigators to occur in as many as 10%--31% in a randomly selected group of factory workers \[[@B106-brainsci-03-01483]\]; this subject has recently been reviewed \[[@B107-brainsci-03-01483]\]. However, among patients with partial seizures one group of investigators estimated that only 0.9% exhibited what they described as olfactory epileptic auras \[[@B72-brainsci-03-01483]\] whereas another group estimated that 5.5% of these patients exhibited these olfactory auras \[[@B108-brainsci-03-01483]\]. Our incidence estimates of phantosmia without associated epileptic activity among patients with self reported and measured loss of smell and/or taste acuity varied between 40% and 60% of the group of over 5000 patients studied at The Taste and Smell Clinic in Washington, DC, USA \[[@B105-brainsci-03-01483]\].

Olfactory hallucinations have also occurred without seizure activity as a presenting symptom in patients with intracerebral hemorrhage \[[@B109-brainsci-03-01483],[@B110-brainsci-03-01483]\], with glioblastoma multiforme \[[@B111-brainsci-03-01483]\] or with electrical stimulation of the olfactory bulb and tract \[[@B112-brainsci-03-01483]\]. Olfactory hallucinations have occurred in local nasal disease related to rhinosinusitis \[[@B113-brainsci-03-01483]\]. Patients with Parkinson disease have been reported to exhibit phantosmia without associated seizure activity \[[@B114-brainsci-03-01483],[@B115-brainsci-03-01483],[@B116-brainsci-03-01483]\] and after treatment with rasagiline \[[@B117-brainsci-03-01483]\]. Olfactory hallucinations without associated seizure activity have been reported following radiation therapy \[[@B118-brainsci-03-01483]\].

On the other hand phantosmia has been treated with surgical excision of the olfactory epithelium \[[@B119-brainsci-03-01483]\] following resection of the olfactory bulbs \[[@B120-brainsci-03-01483]\] by use of venlafaxine \[[@B121-brainsci-03-01483]\] or by use of topiramate \[[@B122-brainsci-03-01483]\]. One group of investigators reported that what they described as "idiopathic phantosmia" disappeared spontaneously after the symptoms were present for a period of more than five years \[[@B123-brainsci-03-01483]\].

However, symptoms associated with these phantosmias have been confusing and considered by some investigators to be psychogenic, nonepileptic seizures \[[@B124-brainsci-03-01483]\], with altered brain connectivity among some of these patients \[[@B125-brainsci-03-01483]\]; however, these workers appear to lack understanding of the biochemical parameters underlying these symptoms \[[@B35-brainsci-03-01483],[@B36-brainsci-03-01483],[@B105-brainsci-03-01483]\].

We recognized that patients with birhinal phantosmia without subsequent clinical motor activity occurred commonly after a clinical event which induced loss of smell \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483]\]; these patients are a much larger group than those with phantosmia associated with either epilepsy, brain tumors or migraine. In a survey of smell among over 5000 men and women in the US who attended a commercial fragrance establishment about 7% reported chronic smell loss or hyposmia \[[@B126-brainsci-03-01483]\]. Extrapolation of this number to the total US population suggests an estimated 21 million people in the US may have some form of hyposmia (vi). In another publication we estimated that 40% to 60% of patients with hyposmia, regardless of cause, reported birhinal phantosmia and/or global oral phantageusia without clinical motor activity \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483]\]. These estimates are supported, in part, by investigators who reported phantosmia without subsequent clinical motor activity in a small group of patients with what they called "simple partial status epilepticus" whom they considered greatly underdiagnosed \[[@B3-brainsci-03-01483]\]. In another study involving 1000 patients evaluated at a Japanese otolaryngological clinic for any symptom related to any pathology of the head and neck about 14% spontaneously reported presence of phantageusia without clinical motor activity \[[@B127-brainsci-03-01483]\].

With respect to terminology we defined phantosmia as an odor in the nose in the absence of any external initiating stimulus \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B128-brainsci-03-01483]\]. Phantosmia may have been clinically first described systematically by Jackson as a transient, unpleasant odor preceding a seizure \[[@B6-brainsci-03-01483],[@B7-brainsci-03-01483],[@B8-brainsci-03-01483]\]. Descriptions were almost uniformly birhinal, unpleasant, usually a rotten, sickening, burning, bad or indescribable odor \[[@B38-brainsci-03-01483],[@B129-brainsci-03-01483]\]. They were also described as tobacco-like, smoky or sulfur-gas-like. We classified phantosmias into three general types: (1) cacosmic (rotten, decayed or fecal \[[@B102-brainsci-03-01483],[@B103-brainsci-03-01483],[@B105-brainsci-03-01483],[@B130-brainsci-03-01483]\], (2) torquosmic (burned, metallic, chemical-like \[[@B102-brainsci-03-01483],[@B103-brainsci-03-01483],[@B105-brainsci-03-01483],[@B130-brainsci-03-01483]\]), or mixed, a combination of both cacosmia and torquosmia \[[@B102-brainsci-03-01483],[@B103-brainsci-03-01483],[@B105-brainsci-03-01483],[@B130-brainsci-03-01483]\]. Phantosmias as such were previously recognized by others \[[@B38-brainsci-03-01483],[@B131-brainsci-03-01483],[@B132-brainsci-03-01483],[@B133-brainsci-03-01483]\] with associated EEG abnormalities, changes in positron emission tomography (PET), computerized tomography (CT) and magnetic resonance imaging of brain (MRI) \[[@B26-brainsci-03-01483],[@B47-brainsci-03-01483]\] and with typical subsequent seizure activity \[[@B10-brainsci-03-01483],[@B11-brainsci-03-01483],[@B12-brainsci-03-01483],[@B13-brainsci-03-01483]\] related to temporal lobe \[[@B38-brainsci-03-01483],[@B131-brainsci-03-01483],[@B132-brainsci-03-01483],[@B133-brainsci-03-01483]\] and other brain tumors \[[@B21-brainsci-03-01483],[@B22-brainsci-03-01483],[@B26-brainsci-03-01483]\]. Seizures associated with brain tumors were commonly reported to begin with abnormal sensations of global oral taste or birhinal smell (auras) along with masticatory movements and spitting \[[@B75-brainsci-03-01483]\] and were called uncinate fits by Féré \[[@B134-brainsci-03-01483]\] who suggested that taste and smell sensations originated in the uncinate gyrus.

We defined phantageusia as a global taste in the entire mouth in the absence of any initiating oral stimulus \[[@B102-brainsci-03-01483],[@B103-brainsci-03-01483],[@B105-brainsci-03-01483],[@B135-brainsci-03-01483]\]. Prior descriptions of phantageusias as such were also predominantly present in the entire oral cavity, were unpleasant and varied in character from rotten, bitter, salty, acidic or burned to pleasant or even sweet \[[@B33-brainsci-03-01483],[@B34-brainsci-03-01483],[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B135-brainsci-03-01483]\]. We classified phantageusias as either cacogeusic, torquegeusic or mixed \[[@B128-brainsci-03-01483]\], similar to phantosmias. Phantageusias \[[@B136-brainsci-03-01483],[@B137-brainsci-03-01483]\] have also been reported preceding seizures, usually associated with brain tumors \[[@B6-brainsci-03-01483],[@B7-brainsci-03-01483],[@B8-brainsci-03-01483]\].

Association of both birhinal phantosmia and global oral phantageusia without subsequent clinical motor activity with loss of smell and taste acuity, respectively, \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483]\] is consistent with changes in CNS plasticity. Onset of similar hallucinatory behavior has been previously observed with sensory losses of visual and auditory systems; association of visual hallucinations with loss of visual acuity has been reported in patients with cataract \[[@B138-brainsci-03-01483]\], and with age, sometimes referred to as Bonnet syndrome \[[@B139-brainsci-03-01483],[@B140-brainsci-03-01483],[@B141-brainsci-03-01483],[@B142-brainsci-03-01483],[@B143-brainsci-03-01483]\]; auditory hallucinations without subsequent clinical motor activity have been reported in patients with loss of auditory acuity \[[@B144-brainsci-03-01483],[@B145-brainsci-03-01483],[@B146-brainsci-03-01483]\].

Most patients with sensory hallucinations reported these phenomena as involving an entire sensory system; most visual hallucinations involved both visual fields, auditory hallucinations both auditory fields, olfactory hallucinations, both nares and gustatory hallucinations in the entire oral cavity. However, unilateral sensory hallucinations have been reported in only one visual field \[[@B147-brainsci-03-01483],[@B148-brainsci-03-01483]\] or one ear \[[@B149-brainsci-03-01483],[@B150-brainsci-03-01483],[@B151-brainsci-03-01483],[@B152-brainsci-03-01483],[@B153-brainsci-03-01483],[@B154-brainsci-03-01483]\]. In a preliminary study we previously described a patient group with olfactory hallucinations in only one naris \[[@B155-brainsci-03-01483]\]. These patients independently related a strikingly similar history; insidious onset of an obnoxious, initially unirhinal odor without any initiating external stimulus which initially arose without any antecedent cause, initially occurring spontaneously, intermittently, but over time increasing in frequency, initiated by coughing, laughing, crying, shouting, vigorous nasal inhalation and/or exhalation or sneezing and initially inhibited spontaneously but over time only relieved by sleep or a Valsalva type maneuver \[[@B155-brainsci-03-01483]\]. These patients were usually young women who, because of associated EEG abnormalities, were commonly considered to have a form of partial seizure disorder despite absence of antecedent or subsequent clinical motor activity and were initially treated with various anticonvulsant agents which did not induce any symptomatic relief.

Whereas we have previously briefly reported these patients \[[@B155-brainsci-03-01483]\], as well as their fMRI and biochemical responses \[[@B104-brainsci-03-01483],[@B156-brainsci-03-01483]\], it is the purpose of this study to describe these patients in detail for the first time. To our knowledge, these patients reflect the only group in whom phantosmia (and/or phantageusia) without subsequent clinical motor activity is either spontaneously initiated or inhibited and subsequently inhibited by specific physiological maneuvers. We will contrast these patients with the much larger, more common but previously poorly defined patient group with birhinal phantosmia without subsequent clinical motor activity who initially experienced an illness or some event which impaired their smell (and/or taste) acuity and who subsequently developed birhinal phantosmia.

2. Material and Methods
=======================

2.1. Subjects
-------------

Subjects were 128 consecutive patients with phantosmia \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483]\] without subsequent clinical motor activity from a total group of 1272 consecutive patients evaluated at The Taste and Smell Clinic, Washington, DC, USA from 1985 to 1995 for various abnormalities of taste and/or smell dysfunction and six consecutive normal volunteers recruited from the normal volunteer pool at the National Institutes of Health (NIH), Bethesda, MD, USA.

Normal volunteers were three men and three women, all right handed Caucasians, aged 21--34 years, who were in good health and not taking any medication. Their taste and smell function were within normal limits. The subjects served as volunteers only for the functional magnetic resonance brain imaging and magnetic resonance spectroscopy studies performed at the National Institute of Neurological Diseases and Stoke, NIH, Bethesda, MD, USA.

The 128 patients, studied in a retrospective manner, were all those of the 1272 who had symptoms of phantosmia, either unirhinal or birhinal, and also had sleep-deprived EEGs with nasopharyngeal leads as part of their initial evaluation ([Table 1](#brainsci-03-01483-t001){ref-type="table"}). Eighty-eight of these 128 presented with hyposmia but also other sensory abnormalities including hypogeusia, phantageusia, aliageusia (an obnoxious taste in the mouth initiated by presence of food or drink and related directly to the ambient tastant \[[@B102-brainsci-03-01483],[@B103-brainsci-03-01483],[@B105-brainsci-03-01483],[@B130-brainsci-03-01483]\]) and/or aliosmia (presence of an obnoxious smell in the nose initiated by presence of an external vapor and related directly to the ambient odor \[[@B102-brainsci-03-01483],[@B103-brainsci-03-01483],[@B105-brainsci-03-01483],[@B130-brainsci-03-01483]\]). These patients developed birhinal phantosmia which was either persistent or intermittent, neither cyclic nor episodic ([Table 1](#brainsci-03-01483-t001){ref-type="table"}) but related to a specific clinical condition which initiated their hyposmia including head injury \[[@B101-brainsci-03-01483],[@B105-brainsci-03-01483]\], post influenza-like illness \[[@B105-brainsci-03-01483],[@B157-brainsci-03-01483]\], post nasal surgery \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B128-brainsci-03-01483]\] or several other medically related conditions \[[@B105-brainsci-03-01483],[@B158-brainsci-03-01483],[@B159-brainsci-03-01483]\]. Seventy-six (86%) of these 88 patients initially presented with hyposmia \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483]\]; 12 presented with complaints of either phantageusia \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B135-brainsci-03-01483]\], aliosmia \[[@B105-brainsci-03-01483],[@B130-brainsci-03-01483]\], aliageusia \[[@B105-brainsci-03-01483],[@B130-brainsci-03-01483]\] or some symptom combination. Although many other patients among the 1272 evaluated reported birhinal phantosmia \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483]\], the relatively small patient number who met these latter criteria in this report (88 of 1272) was due to the fact that only patients with birhinal phantosmia who had EEGs with nasopharyngeal leads as part of their initial evaluation were included in this study.

brainsci-03-01483-t001_Table 1

###### 

Clinical characteristics of patients with phantosmia.

  Condition                                     Cyclic Unirhinal Phantosmia (CUP)   Birhinal Phantosmia with Associated Symptoms (BPAS)
  --------------------------------------------- ----------------------------------- -----------------------------------------------------
  *Patient number*                              40                                  88
   Gender                                       30 women, 10 men ^z^                47 women, 41 men
   Ratio women:men                              3:1                                 1:1
  *Age (year)*                                  31 ± 1 \*^,\ a^ (19--49 years)      46 ± 2 (12--82 years)
   Men                                          31 ± 1 ^a^ (19--46 years)           41 ± 3 (12--81 years)
   Women                                        30 ± 1 ^a^ (19--49 years)           49 ± 2 (19--82 years)
  *Symptom duration before evaluation (year)*   7.2 ± 1.0 ^a^ (0.5--28 years)       1.8 ± 0.2 (1 week--10 years)
  *Initial phantosmia character*                                                    
   Cacosmic                                     31 ^†,\ w1^                         20 ^†^
   Torquosmic                                   9 ^w^                               68 ^w2^
  *Onset of phantosmia*                                                             
   Unirhinal                                    40 ^w,\ w1^                         0
   Birhinal                                     0 ^w^                               88 ^w2^

\* Mean ± SEM; ^†^ Patient Number; ( ) Range; *CUP vs. BPAS*: ^a^ *p* \< 0.001, *t* test; ^w^ *p* \< 0.001, *X*^2^ (torquosmic, unirhinal, birhinal); ^z^ *p* \< 0.05, *X*^2^ (women *vs*. men); *CUP*: ^w1^ *p* \< 0.001, *X*^2^ (cacosmic *vs*. torquosmic, unirhinal *vs*. birhinal); *BPAS*: ^w2^ *p* \< 0.001, *X*^2^ (cacosmic *vs*. torquosmic, unirhinal *vs*. birhinal).

Forty of these 128 were all those who presented with a history of a cyclic, episodic, initially unirhinal phantosmia as their only complaint ([Table 1](#brainsci-03-01483-t001){ref-type="table"}).

To differentiate these two groups we labeled patients with cyclic, episodic, recurrent, initially unirhinal phantosmia as having cyclic unirhinal phantosmia (CUP); those who presented with non-cyclic, non-episodic birhinal phantosmia and hyposmia (and/or other symptoms of taste and/or smell dysfunction) and were labeled as having birhinal phantosmia with associated symptoms (BPAS).

The purpose of this study is to describe, in a retrospective manner, the symptoms which define these two types of olfactory hallucinations and then, based upon these descriptions, describe the procedures developed to understand the putative neurological and metabolic parameters responsible for these hallucinatory activities. The hypothesis underlying this study relates to an attempt to develop the neurological and metabolic parameters associated with and putatively responsible for the development of these hallucinations.

All studies were approved by the Institutional Review Boards of the Clinical Center of the National Institutes of Health, the Georgetown University Medical Center and the George Washington University Medical Center. All subjects who participated in these studies formally signified their agreement after specific explanation of any study protocol which they signed.

2.2. Clinical History
---------------------

Each patient had a complete medical history with special emphasis on taste and smell dysfunction \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B160-brainsci-03-01483],[@B161-brainsci-03-01483]\]. Examination of head and neck was performed in each patient (including indirect nasopharyngoscopy with use of a topically applied vasoconstrictive agent (e.g., 0.25% neosynephrine)) to assist visualization of nasal airways \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B128-brainsci-03-01483]\].

Taste function tests (gustometry) were performed using the entire oral cavity with a standard forced choice, three stimuli, staircase drop technique using NaCl (salty), sucrose (sweet), HCl (sour) and urea (bitter) as stimuli \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B161-brainsci-03-01483]\] by which detection thresholds (DT), recognition thresholds (RT) and estimations of magnitude intensity (ME) for each tastant were obtained \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B135-brainsci-03-01483],[@B161-brainsci-03-01483]\]. Four types of taste loss were defined (ageusia, Type I, II, III) based upon loss severity with ageusia the most severe, Type I, II and III in decreasing severity as type increased \[[@B105-brainsci-03-01483],[@B128-brainsci-03-01483],[@B160-brainsci-03-01483]\]. Ageusia was defined as inability to detect or recognize any tastant (DT = 0, RT = 0, ME = 0). Type I hypogeusia was defined as inability to recognize any tastant (DT \> 0, RT = 0, ME = 0). Type II hypogeusia was defined as decreased ability to detect or recognize tastants but ability to do so at a level less than normal (DT \< normal, RT \< normal, ME \< normal). Type III hypogeusia was defined as normal ability to detect and recognize tastants but decreased ability to quantitate tastant intensity (DT = normal, RT = normal, ME \< normal). Taste distortions (dysgeusias) were quantified by questionnaire \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B135-brainsci-03-01483]\] on a scale from 1 to 100 and labeled aliageusia or phantageusia with subcategories of aliageusia and phantageusia defined as noted above as cacogeusic, torquegeusic, or mixed \[[@B105-brainsci-03-01483],[@B128-brainsci-03-01483]\].

Smell function tests (olfactometry) were performed with a standard forced choice three-stimuli, staircase sniff technique using pyridine (pungent), nitrobenzene (bitter almond), thiophene (petroleum-like), amyl acetate (banana oil) and menthone (minty) as stimuli \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B160-brainsci-03-01483]\] by which DT, RT and ME for each odorant was obtained \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B130-brainsci-03-01483],[@B160-brainsci-03-01483],[@B161-brainsci-03-01483]\]. Four types of smell loss were defined (anosmia, Type I, II, III) based upon severity of loss with anosmia the most severe and Type I, II, III in decreasing severity as type increased. Definitions of smell loss type were similar to those described for taste loss \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B160-brainsci-03-01483]\]. Both unirhinal and birhinal smell function tests were performed in each patient; results did not differ significantly in any patient. Smell distortions were defined similar to taste distortions and labeled aliosmia and phantosmia with subcategories defined as cacosmic, torquosmic or mixed \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B160-brainsci-03-01483]\].

### 2.2.1. Electroencephalographic (EEG) Studies

EEGs were performed in all patients after sleep deprivation for 12--24 h; each refrained from taking caffeine-containing beverages during this period but ate a complete meal prior to study. Nasopharyngeal leads were employed in all studies. Studies were performed on an 8, 10, 16, or 21 channel electroencephalograph monitored by a registered EEG technician. All examinations included photostimulation and hyperventilation performed by International EEG Society standard techniques. All records were initially interpreted by a Clinical Neurophysiology Board certified physician (SP) without specific knowledge of patient clinical status and reviewed independently by an ANA board eligible neurophysiologist (EC, see acknowledgements).

CUP: Prolonged recordings (30 min--24 h) were obtained in each patient. Twenty-four hour recordings were obtained in 11 patients with 30--180 min recordings obtained in the remainder. Twenty-seven of the 40 records were interpreted similarly by both neurophysiologists. In 15 records clinical interpretations differed; each was reinterpreted by each neurophysiologist and a consensus report was issued.

BPAS: Twenty-four hour recordings were obtained in 12 patients with 30--180 min recordings obtained in the remainder. Each of the 88 records was interpreted similarly by both neurophysiologists.

### 2.2.2. Neuroimaging Studies

Computer assisted tomographic (CT) scans of brain was performed on 29 patients with CUP and 55 patients with BPAS on either a GE (Syracuse, NY, USA) or Siemens Vision (Iselin, NJ, USA) unit. MRI of brain was performed using a quadrature headcoil on five patients with CUP and two patients with BPAS on a GE or a Siemens 1.5 Tesla scanner. One patient with CUP had both a CT scan and MRI study; one patient with CUP had two MRI studies. One patient with BPAS had two CT brain studies and one had four such studies. A venous angiogram of the orbit was performed in one patient with CUP and two had four vessel cerebral angiograms based upon initial abnormal findings on CT scans. Skull roentgenograms were performed in 20 patients with CUP and in six with BPAS. Sinus roentgenograms were performed in 12 patients with CUP and in 14 with BPAS. Tc99m brain scans were performed in six patients with BPAS. All results were interpreted by an ARA board certified neuroradiologist (LML) without any specific knowledge of the clinical status of the patient. Results were reviewed by at least one author (RH and/or SP) and no disputed readings were obtained.

### 2.2.3. Functional Magnetic Resonance Brain Imaging (fMRI)

Two patients with CUP (one man, one women) \[[@B104-brainsci-03-01483],[@B156-brainsci-03-01483]\] and two patients with BPAS (one man, one woman) \[[@B35-brainsci-03-01483]\] were studied using fMRI. For these studies each patient was placed in the 1.5T Siemens MR scanner using a quadrature head coil. Under standard conditions as shown previously for odor memory \[[@B162-brainsci-03-01483]\] and taste memory \[[@B163-brainsci-03-01483]\], normal volunteers and patients with CUP and BPAS were requested to think of (remember) their phantosmia and in patients with CUP to attempt to initiate and inhibit it. Results were quantitated by calculation of significant activation of pixel number activated in specific anatomical regions by each condition \[[@B162-brainsci-03-01483],[@B163-brainsci-03-01483]\].

### 2.2.4. Magnetic Resonance Spectroscopy (MRS)

Two patients (two women) with CUP, three patients (two women, one man) with BPAS and the six normal volunteers were studied using MRS as previously described \[[@B36-brainsci-03-01483],[@B164-brainsci-03-01483]\]. Subjects were placed in a 1.5T General Electric (GE) MR scanner using a quadrature head coil. Under standard conditions specific brain regions (occipital, cingulate and insular cortex) were evaluated for levels of gamma-aminobutyric acid (GABA) and creatine. Patients with CUP had onset of their phantosmia and phantageusia induced either spontaneously or by hyperventilation at initiation of these studies. Patients with BPAS had persistent phantosmia during MRS. Data were analyzed using software previously developed and utilized by L.M. Levy *et al*. \[[@B36-brainsci-03-01483],[@B164-brainsci-03-01483]\]. Results were calculated as ratio of GABA: creatine in each region studied and comparisons were made between each group studied.

### 2.2.5. CO~2~ Inhalation

Ten patients (three men, seven women) with CUP were treated with inhalation of 50% CO~2~ delivered through nasal prongs within a nasal mask for periods of 10--60 s during presence of unirhinal phantosmia. Each patient was seated in a chair, prongs fitted snugly into the nose and CO~2~ flow adjusted to a maximum of 50 lbs/in^2^.

### 2.2.6. Unirhinal Cocaine Administration

A solution of 10% cocaine was administered by nasal spray into the upper nasal cavity on the side of phantosmia on one occasion in two patients (two women) with CUP during the time they reported unirhinal phantosmia and birhinally into the upper nasal cavity in one patient (one woman) with BPAS during the time she reported birhinal phantosmia.

### 2.2.7. Repetitive Transcranial Magnetic Stimulation (rTMS)

Two right handed patients (two women) with CUP and four right handed patients (two men, two women) with BPAS were studied using rTMS, as previously described \[[@B165-brainsci-03-01483],[@B166-brainsci-03-01483]\]. Signal was generated by use of a Cadwell electromagnetic stimulator (Seattle, WA, USA) monitored with a TECA TD20 (Pleasantville, NY, USA) wave form generator, as previously described \[[@B165-brainsci-03-01483],[@B166-brainsci-03-01483]\]. Stimulation was applied with a single quadrangular coil in three phases; initially two sham phases and then one active phase. In the first sham phase stimulation was applied at 40% of maximal output (40% of 1.5 Tesla or about 0.8 T) to each shoulder at Erb's point and to the posterior neck. This stimulation resulted in significant movement of each shoulder and of head extension. In the second sham phase stimulation was applied at 10% of maximal output (20% of 1.5 Tesla or about 0.1 T). The stimulation was applied to each of four skull regions (left and right temporoparietal, occipital, frontal) and was considered a non-significant stimulation since no physical response occurred after this stimulation. A third set of stimuli at 60% maximal output (between 0.8 and 1.2 T since stimulus delivery was non-linear) was then delivered to each of these same four skull locations. This third set of stimuli was repeated at a specific response location (usually left temporoparietal) in patients in whom a change (usually lowering) in phantosmia intensity and/or change in phantosmia character occurred for three to six additional stimuli or until no further lowering or change in phantosmia character occurred. Stimulus frequency was 1 pulse per 1--2 s for 30--90 s. Stimulation was monitored in each phase by degree of flexion of muscle groups associated with stimulus application (e.g., right radial, median and/or ulnar nerve stimulation with left temporoparietal stimulation) and was graded on a six point scale with one, the least amount of muscle flexion and six, the greatest. Quantitative patient responses were elicited after each application in each skull location on a scale of 0--100 with 100 reflecting the greatest phantosmia intensity encountered, zero the absence (inhibition with disappearance) of phantosmia and intermediate numbers indicating intermediate changes of inhibition. Any change in phantosmia character was also reported. Response to stimulation was recorded for periods up to 60 months following this procedure. Following rTMS increases in specific blood plasma, erythrocytes and salivary growth factors were measured in CUP and BPAS \[[@B167-brainsci-03-01483]\].

### 2.2.8. Statistics

Means of each parameter measured for each patient group were determined and differences evaluated by Student t test with *p* \< 0.05 considered significant. Differences between sets of parameters were also evaluated by Chi square (*X*^2^, *F* test) and ANOVA with *p* \< 0.05 considered significant.

3. Results
==========

3.1. Patient Characteristics
----------------------------

CUP: Thirty women and 10 men had CUP ([Table 1](#brainsci-03-01483-t001){ref-type="table"}). Patients' age ranged from 18 to 49 years (31 ± 1 years, mean ± SEM, ([Table 1](#brainsci-03-01483-t001){ref-type="table"})). The ratio of women to men was 3:1. All patients developed symptoms post puberty. All were Caucasian. Symptoms were experienced 3 months--28 years (mean, 7.2 years) prior to presentation at The Clinic ([Table 1](#brainsci-03-01483-t001){ref-type="table"}). Initial symptom was always onset of an unirhinal phantom odor usually of a cacosmic type (78%). Each patient related a similar history; none had any prior knowledge of this symptom or syndrome. This syndrome consisted of two phases, an initial one ([Table 1](#brainsci-03-01483-t001){ref-type="table"}) associated with symptom onset and a subsequent one associated with symptom persistence ([Table 2](#brainsci-03-01483-t002){ref-type="table"}). No prior or subsequent clinical motor activity ever occurred in any patient.

brainsci-03-01483-t002_Table 2

###### 

Odor character of patients with phantosmia.

  Condition                       CUP ^†^       BPAS ^†^
  ------------------------------- ------------- ----------
  *Final odor character*                        
   Cacosmic                       20 ^y1^       17
   Putrid/rotten                  20            17
   Torquosmic                     9 ^w^         70
   Burned/smoky                   2             22
   Stale                          2             0
   Metallic                       1             7
   Fetid                          1             0
   Diesel-like exhaust fumes      1             0
   Chemical/bitter                1             17
   Sweaty                         1             1
   Excessively sweet              0             6
   Body odor-like                 0             1
   Indescribable                  0             16
   Mixed                          11 ^z^        1
  *Initial phantosmia location*                 
   Unilateral                     40 ^w,\ w1^   0
   Right naris                    23            
   Left naris                     17            
   Bilateral                      0 ^w^         88
  *Final phantosmia location*                   
   Unilateral                     25 ^w^        0
   Right naris                    15            0
   Left naris                     10            0
   Bilateral                      15 ^w^        88

**^†^** Patient Number; *CUP vs. BPAS*: ^w^ *p* \< 0.001, *X*^2^ (torquosmic); ^z^ *p* \< 0.05, *X*^2^ (unilateral, initial and final; bilateral, initial and final); *CUP*: ^w1^ *p* \< 0.001, *X*^2^ (initial unilateral *vs*. bilateral), ^y1^ *p* \< 0.02, *X*^2^ (cacosmic *vs*. torquosmic; unilateral (initial) *vs*. bilateral; cacosmic *vs*. mixed).

Initial Phase: Phantosmia usually occurred spontaneously, unirhinally, usually without any other symptom ([Table 1](#brainsci-03-01483-t001){ref-type="table"}). It occurred usually without warning and was an extremely unpleasant odor (commonly described as rotten, decayed, fecal (cacosmic) but also less frequently as chemical, metallic or burned (torquosmic)). It initially appeared in only one naris in the absence of any external ambient odor/or external stimulus and lasted from 5 to 10 s to as long as 10 to 20 min and then spontaneously disappeared ([Table 2](#brainsci-03-01483-t002){ref-type="table"} and [Table 3](#brainsci-03-01483-t003){ref-type="table"}). The odor would then reappear, in the same naris again usually without any external stimulus after d, wk or mo, again lasting a few sec or min and then disappeared. After this second appearance and disappearance the interval between phantosmia onset and offset shortened such that it occurred with increasing frequency, intensity and duration eventually occurring in some patients daily lasting sec-min-hr and recurring as frequently as 5--20 times daily.

brainsci-03-01483-t003_Table 3

###### 

Clinical history in patients with phantosmia.

  Condition                            CUP                                                                     BPAS
  ------------------------------------ ----------------------------------------------------------------------- -----------------------------------------------------------------------------------------
  *Initial symptom*                    Phantosmia (100% (40/40))                                               Hyposmia (80% (76/88))
  *Symptom onset*                                                                                              
   Naris location                      Unirhinal (100% (40/40))                                                Birhinal (100% (88/88))
   Length                              Momentary (s--min), Fleeting                                            Intermittent (10 s--24 h), Variable
   Frequency                           1--20×/day                                                              1--10×/day or persistent
  *Symptom progression*                                                                                        
   Naris location                      Mainly unirhinal, occasionally birhinal                                 Birhinal only
   Length                              Gradual longer episodes 2--30 min; rarely persistent                    No change (intermittent, persistent) or gradual symptom shortening with disappearance
   Intensity                           Increasing                                                              No change or decreased intensity
   Character                           No change---always unpleasant                                           May vary, can change from one unpleasant odor to another (occasionally less unpleasant)
  *Triggers initiating phantosmia*     Sneeze                                                                  None; onset is spontaneous
                                       Nasal Sniffing                                                          Strong external odor may occasionally
                                       Nasal Blowing Out                                                       trigger phantom (Allodynosmia)
                                       Rhinorrhea                                                              
                                       Cough                                                                   
                                       Laugh                                                                   
                                       Loud Speech                                                             
                                       Vigorous Physical Activity                                              
                                       Strong External Odor, may occasionally trigger phantom (Allodynosmia)   
  *Physiological phantom inhibitors*   Sleep (30--180 min), usually in PM                                      None
                                       Total Nasal Blockage                                                    May decrease over time spontaneously
                                       Valsalva                                                                

After initial and second insidious onset all patients noted phantosmia was initiated following coughing, laughing, crying, sneezing, blowing the nose, loud speech or shouting, any intense emotional outburst, physical exertion, strenuous exercise, forced nasal inhalation and/or exhalation or hyperventilation ([Table 3](#brainsci-03-01483-t003){ref-type="table"}). One patient elicited phantosmia when diving into a swimming pool. No movement disorder, change in behavioral state, loss of consciousness, change in awareness of surrounding or automatism of any type was associated with phantosmia onset or presence. Over time half the patients, only on occasion, noted phantosmia (and/or phantageusia (v.i.)) onset after contact with a common, ambient vapor at its usual concentration (e.g., smell of brewing coffee, cigarette smoke, perfume, garlic or cutting onion) or taste of a flavorful food (e.g., taste of coffee, garlic, onion, *etc*.) labeled allodynosmia (for smell) and allodyngeusia (for taste), respectively, similar to allodynia (a painful sensation related to an usually perceived non-painful touch stimulus) \[[@B105-brainsci-03-01483]\]. In presence of these distortions they perceived these ambient vapors and oral tastes appropriately as the vapor or taste would be perceived normally (*i.e.*, no aliosmia or aliageusia, respectively). After removal of stimulating vapor or taste, phantosmia and/or phantageusia persisted as it did after any physiologically based initiating stimulus (e.g., sneezing, laughing) and continued until inhibited by one of the physiological maneuvers used by the patient to terminate phantosmia (and/or phantageusia) (v.i.).

After a few weeks all patients recognized that phantosmia was inhibited by sleep ([Table 3](#brainsci-03-01483-t003){ref-type="table"}). Naps as short as 20--30 min, if deep enough sleep were obtained, alleviated phantosmia. This effect was most commonly noted if sleep were obtained in mid or late afternoon. Naps in younger patients were more effective in inhibiting phantosmia than in older patients. However, over time, naps became less effective in relieving phantosmia. During the initial phase of this syndrome no matter how intense or persistent the phantosmia, an overnight sleep was uniformly associated with phantom disappearance upon awakening in the morning. After an extended time period (\>5 years) overnight sleep became somewhat less effective in relieving phantosmia (secondary phase).

Independently, most patients discovered that a Valsalva-type maneuver terminated phantosmia ([Table 3](#brainsci-03-01483-t003){ref-type="table"}). Variations of this procedure included hanging the body trunk over a sofa and either holding breath or crying, snorting tap water or NaCl into the affected naris, or forced induction of emesis. After initial discovery of this technique, termination of phantosmia was uniformly successful and inhibition usually persisted for h. During this refractory period events such as sneezing or shouting did not reinitiate phantosmia. However, over time, while Valsalva still terminated phantosmia, length of inhibitory period became progressively shorter and less likely to resist reinitiation by crying, shouting, blowing of nose, or sneezing.

Some patients discovered that plugging the naris in which phantosmia appeared reduced intensity or eliminated it; however, this was generally ineffective over relatively prolonged time periods since if a cotton plug were used it became soaked with nasal mucus and had to be replaced or removed which activated phantosmia, or if a rubber or plastic plug were used, it induced excess nasal mucus so that the patient had to remove the plug in order to retain normal nasal and oral mechanics which reactivated phantosmia. Some patients habitually breathed through their mouth with some phantosmia relief; however, return to nasal breathing with nose blowing, *etc*., reinitiated phantosmia.

Acute coryza had a dichotomous effect; associated with nasal congestion, phantosmia was temporarily diminished or terminated but associated with sneezing and/or rhinorrhea, with or without nasal congestion, phantosmia was exacerbated ([Table 3](#brainsci-03-01483-t003){ref-type="table"}). One patient reported phantosmia inhibition coupled with hyposmia onset during recreational snorting of cocaine; cessation of snorting was associated with a gradual return of normal smell function and phantosmia. This patient also reported recurrent smoking tetrahydrocannanibol (THC) inhibited phantosmia without change in olfactory acuity; with termination of smoking, phantosmia gradually returned. This patient used this latter technique on multiple daily occasions to inhibit phantosmia with complete success on each occasion. Inhibition usually occurred 20--30 min after initiation of THC use and continued throughout the smoking process. Deffervescence occurred gradually, coincident with deffervescence of THC effects.

After phantosmia terminated either spontaneously, following sleep or a Valsalva maneuver, no physiological carry-over (*i.e.*, no post-ictal-type symptoms) was present. Patients continued their normal daily activities without any change from their usual practice no matter how frequently they performed a Valsalva or some similar maneuver to relieve their phantosmia. Patients were usually embarrassed to perform a Valsalva maneuver in public and usually closeted themselves in some private area to perform this act; on occasion a patient might perform a Valsalva-type maneuver 5--20 times daily in order to obtain effective relief.

Patients were very disturbed by presence of this strong obnoxious odor. Phantosmia character was always constant, considered obnoxious and intolerable, causing the patient to focus on its presence because of its intensity and character. In 78% of patients the phantosmia was cacosmic, in the remainder it was torquosmic ([Table 1](#brainsci-03-01483-t001){ref-type="table"}). Although a few patients had difficulty describing the odor, once parameters of cacosmia and torquosmia were discussed each was able to categorize the odor specifically ([Table 2](#brainsci-03-01483-t002){ref-type="table"}). No patient reported ever previously experiencing such an intense, unpleasant, overwhelming sensation. In this sense, its presence interfered with patient activities although each could continue to and did perform usual work activities. At times, however, phantosmia intensity became so great that patients terminated normal daily activities, most to attempt to alleviate the symptom with a Valsalva-type maneuver ([Table 3](#brainsci-03-01483-t003){ref-type="table"}). Phantosmia presence was not associated with any behavioral, mental or consciousness change. No specific change in emotional state other than displeasure and discomfort with phantosmia presence was associated with its initiation or inhibition. No willful behavior of any type other than the specific physiological maneuvers described (v.s.) affected either phantosmia onset or termination.

In 21 of 40 (52.5%) patients once phantosmia became recurrent, some characteristic sensation alerted them prior to its appearance. These sensations varied from nasal appearance of an odor similar to phantosmia but of much less intensity (12 patients), a feeling of facial pressure (five patients), a metallic taste (one patient), an indescribable intranasal sensation (one patient) or depression (one patient). Time preceding phantosmia onset varied from sec to 3 h (two patients (1--59 s), 16 patients (1--59 min), three patients (1--3 h)).

Phantosmia occurred in absence of any clinical disorder and was of an unknown cause in 85% of patients (34 of 40, [Table 4](#brainsci-03-01483-t004){ref-type="table"}). A viral illness was associated with phantosmia onset in three (7.5%). Phantosmia occurred either during first trimester of pregnancy or immediately post partum in two (5%) ([Table 4](#brainsci-03-01483-t004){ref-type="table"}). Phantosmia arose after head injury in one patient (2%) ([Table 4](#brainsci-03-01483-t004){ref-type="table"}). One patient with phantosmia of idiopathic onset had a prior diagnosis of progressive systemic sclerosis, which was in remission (without treatment) at time of phantosmia onset.
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###### 

Phantosmia etiology in patients with phantosmia.

  Primary etiology                  CUP ^†^   BPAS ^†^
  --------------------------------- --------- ----------
  *Idiopathic*                      32 ^w^    10
  *Other*                           8 ^x1^    78 ^w2^
   Head injury                      1 ^w^     40
   PIHH ^‡^                         3 ^w^     24
   Infectious mononucleosis         2         0
   Pregnancy (during/post partum)   2         1
   Allergic rhinitis                0         4
   Post nasal surgery               0         3
   Post stroke                      0         2
   Idiopathic hyposmia              0         0
   Idiopathic aliosmia ^φ^          0         2

**^†^** Patient Number; ^‡^ Post influenza-like hyposmia and hypogeusia; ^φ^ Distorted smell in presence of external vapor; *CUP vs. BPAS*: ^w^ *p* \< 0.001, *X*^2^ (idiopathic *vs*. other); PIHH; Infectious mononucleosis; *CUP*: ^x1^ *p* \< 0.01, *X*^2^ (idiopathic *vs*. other); *BPAS*: ^w2^ *p* \< 0.001, *X*^2^ (idiopathic *vs*. other).

Phantosmia was initially present only in right naris in 60% (24 of 40) ([Table 2](#brainsci-03-01483-t002){ref-type="table"}). In 40% phantosmia was initially present only in left naris (16 of 40 patients). Of patients with right naris presentation 54% were right handed 46% were left handed ([Table 2](#brainsci-03-01483-t002){ref-type="table"}). Of patients with left naris presentation, 61% were right handed, 39% were left handed ([Table 2](#brainsci-03-01483-t002){ref-type="table"}). There were no differences in phantosmia naris location in left or right handed patients. There were no gender related differences with respect to handedness or initial side of phantosmia. Nineteen percent of patients were left handed, a greater number than the 10%--15% usually considered to be left handed in the general population \[[@B168-brainsci-03-01483],[@B169-brainsci-03-01483]\].

Phantosmia occurred initially spontaneously without any stimulation in 36 patients (90%) ([Table 5](#brainsci-03-01483-t005){ref-type="table"}). Phantosmia occurred initially after an endogenous stimulatory event in four patients (9.5%); in two (5%) after they blew their nose, in one after she sneezed and in one after she took oral adrenal corticosteroids for treatment of a systemic reaction to a bee sting.

No patient spontaneously complained of or recognized any loss of taste or smell acuity either before or after phantosmia onset but each complained that their smell and taste function was changed (*i.e.*, distorted) in presence of phantosmia. However, using specific psychophysical tests (gustometry and olfactometry) in the absence of phantosmia 8 of 40 (20%) had a mild smell loss (Type II or III hyposmia) and 9 (22.5%), a mild taste loss (Type II or III hypogeusia \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483]\] ([Table 5](#brainsci-03-01483-t005){ref-type="table"})). Each patient with hyposmia detected and recognized all odorants but seven of eight (those with Type II hyposmia \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B160-brainsci-03-01483]\]) had DT and/or RT greater than those of normal subjects; one patient had Type III hyposmia. Any smell deficit was birhinal. Each patient with hypogeusia detected and recognized all tastants but eight of these nine had Type II hypogeusia \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B161-brainsci-03-01483]\] ([Table 6](#brainsci-03-01483-t006){ref-type="table"}) and one patient had Type III hypogeusia \[[@B105-brainsci-03-01483],[@B161-brainsci-03-01483]\]. Any taste deficit was orally global.

While each patient developed phantosmia as an independent symptom which did not subjectively influence taste or smell acuity, eventually as phantosmia became more intense and occurred more frequently, each complained that the odor interfered with ability to eat and enjoy food with eating and drinking intolerable due to this overriding obnoxious sensation. Only in this sense did patients report that phantosmia affected smell or taste function.
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###### 

Taste and smell acuity in patients with phantosmia.

                   CUP ^†^   BPAS ^†^
  ---------------- --------- ----------
  *Taste acuity*             
   Normal          31 ^w1^   17
   Abnormal        9         71 ^w2^
   Ageusia         0         0
   I               0         0
   II              8         61
   III             1         10
  *Smell acuity*             
   Normal          32 ^w1^   12
   Abnormal        8 ^w^     76 ^w2^
   Unilateral      0         0
   Bilateral       8 ^w^     76 ^w2^
   Anosmia         0         1
   I               0         20
   II              7         42
   III             1         13

**^†^** Patient Number; *CUP vs. BPAS*: ^w^ *p* \< 0.001, *X*^2^ (taste acuity, abnormal; smell acuity, bilateral, abnormal); *CUP*: ^w1^ *p* \< 0.001, *X*^2^ (taste acuity, normal *vs*. abnormal; smell acuity, normal *vs*. abnormal); *BPAS*: ^w2^ *p* \< 0.001, *X*^2^ (taste acuity, normal *vs*. abnormal; smell acuity, normal *vs*. abnormal; unilateral *vs*. bilateral).
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###### 

Final naris localization in patients with phantosmia with respect to odor character.

  ----------------------------------------------------------------------------------------------------------------------------
                                          CUP ^†^\                        BPAS ^†^\                                       
                                          Final naris odor localization   Final naris odor localization                   
  --------------------------------------- ------------------------------- ------------------------------- ------- --- --- ----
  Cacosmic (putrid)                       7 ^4^                           9 ^1^                           4 ^3^   0   0   20

  Mixed (cacosmic and torquosmic)         7                               1                               3       0   0   1

  Torquosmic (burned, metallic, *etc*.)   1                               0                               8       0   0   67
  ----------------------------------------------------------------------------------------------------------------------------

**^†^** Patient Number; ^1^ *p* \< 0.01, ANOVA, left *vs*. bilateral, cacosmic *vs*. mixed (CUP), left *vs*. bilateral, cacosmic *vs*. torquosmic (CUP), right *vs*. bilateral, cacosmic *vs*. torquosmic (CUP); ^3^ *p* \< 0.02, ANOVA, bilateral, cacosmic *vs*. mixed (CUP, BPAS); ^4^ *p* \< 0.05, ANOVA, right *vs*. left, cacosmic *vs*. mixed (CUP).

An associated history of some prior clinical nasal pathology was reported by 15 patients (37.5%). Five had a history of chronic allergic rhinitis with hayfever and two of these had chronic sinusitis. Two of these five patients also had a history of nasal polyps in the naris of the phantosmia prior to phantosmia onset although polyps were not present at time of presentation at The Clinic. Ten patients, prior to their visit at The Clinic, but after phantosmia onset, had surgical procedures in the naris on the side of phantosmia in an apparent attempt to relieve phantosmia; this included submucous resection (7 patients) and unilateral Caldwell-Luc operation (three patients). No surgical procedure influenced phantosmia onset, offset or intensity.

Most patients (85% (34 of 40)) reported an associated recurrent, cyclic, episodic orally global phantom taste sensation (cyclic phantageusia) time-locked with phantosmia. Cacogeusic phantageusia was present initially in over 90% of patients and was similar to phantosmia character. Because most considered phantosmia to permeate their entire oronasopharyngeal cavity, albeit it began in one naris, phantageusia might be considered an extension of phantosmia so that it is difficult to insure that this symptom was independent and related only to taste, per se, rather than a phantosmia manifestation. In 10%, cyclic phantageusia was of a torquegeusic character, different from that of phantosmia (*i.e.*, cacogeusic) albeit still time-locked to appearance and disappearance of phantosmia. In these latter patients reports of this symptom may be considered an indicator of phantageusia *per se*. Just as phantosmia was initiated by cough, sneeze, blowing of nose, *etc*., or inhibited by sleep or Valsalva, so phantageusia was also initiated or inhibited.

In some patients intermittent cyclic nature of phantosmia, once it attained a specific level of intensity, frequency, and duration, persisted in this pattern for y, occurring as often as 5--20 times daily on some d, being absent on others, but always recurring in an episodic manner in the same manner in which it initially occurred ([Table 3](#brainsci-03-01483-t003){ref-type="table"}). Its onset did not have any specific relationship to menses in women. The episodic pattern was interrupted following Valsalva performance or daytime nap for periods varying from minutes to hours but following this inhibition the cyclic, episodic pattern eventually resumed. In these patients after Valsalva or nap, inhibition of phantosmia lasted for minutes--hours, but then it either returned spontaneously or was reinitiated by cough, sneeze, nasal discharge, blowing of nose, *etc*., as noted above. Because phantosmia could be initiated or triggered by these activities some patients attempted to suppress all activities that might initiate phantosmia causing them to limit self-expression, social and physical activity and was eventually associated with a degree of depression. Phantosmia intensity usually reached a specific level at which it remained albeit to some extent intensity waxed and waned.

No patient reported headache or facial fullness as part of the onset or offset of this initial phase of hallucinatory activity or during any part of the post symptom period.

Second Phase: In some patients, usually after a period of years, phantosmia did not spontaneously disappear after onset but became relatively persistent. Thus, once phantosmia appeared in the morning or afternoon it persisted until sleep or Valsalva relieved it. Among patients in whom phantosmia became more permanent most found it progressively more difficult to inhibit it with either sleep or Valsalva.

During this second phase there was some change in phantosmia character. In half the patients (20 of 40) phantosmia in this second phase persisted as cacosmic ([Table 2](#brainsci-03-01483-t002){ref-type="table"} and [Table 6](#brainsci-03-01483-t006){ref-type="table"}), in 22% (9 of 40) it persisted as torquosmic but in the remainder (11 patients, 28%) it became mixed (both cacosmic and torquosmic).

Phantosmia persisted unirhinally in 62.5% ([Table 2](#brainsci-03-01483-t002){ref-type="table"}, [Table 3](#brainsci-03-01483-t003){ref-type="table"} and [Table 6](#brainsci-03-01483-t006){ref-type="table"}). In 27.5% (11 of 40 patients) phantosmia was initially present only in left naris and it remained localized on that side ([Table 2](#brainsci-03-01483-t002){ref-type="table"} and [Table 6](#brainsci-03-01483-t006){ref-type="table"}); in 40% (16 of 40 patients) phantosmia was present initially in right naris and it remained localized on that side. In 37.5%, phantosmia became birhinal. Among patients with unirhinal cacosmic phantosmia, four (10%) developed a birhinal component; among patients with unirhinal torquosmic phantosmia eight (20%) developed a birhinal component and among patients with a mixed unirhinal phantosmia three (7.5%) developed a birhinal component ([Table 2](#brainsci-03-01483-t002){ref-type="table"} and [Table 6](#brainsci-03-01483-t006){ref-type="table"}). These results indicate that patients with unirhinal torquosmic phantosmia were significantly more likely to develop a birhinal component than were patients with either unirhinal mixed or unirhinal cacosmic phantosmia (*p* \< 0.01, *X*^2^). This difference may be of value in differentiating patients with these phantosmic characteristics.

All patients related a consistent history that the side of initial phantosmia retained its initial character, although frequency and intensity increased. However if phantosmia occurred in the opposite naris it rarely appeared alone but usually in both nares simultaneously. When this occurred phantosmia in the initial naris retained its initial character and intensity but the naris to which phantosmia extended was usually of less intensity and frequency and was usually of a different character than initial unirhinal phantosmia; this was commonly of a torquosmic type (v.s.). In these patients it was still most common to perceive phantosmia in one naris and only on occasion would phantosmia appear in both nares simultaneously. However, when phantosmia appeared birhinally patients reported that it was more overwhelmingly obnoxious and their ability to disregard it was even more impaired than it was when it appeared unirhinally due to odor character and intensity.

One patient developed unique sequelae. She developed painful optic neuritis in the left eye 10 years after phantosmia onset associated with optic atrophy, which was unresponsive to systemic adrenal corticosteroid therapy. Visual acuity progressively decreased in this eye to only light-dark perception with absence of finger counting and eventually decreased in right eye to only finger counting. This patient also had varicosities in venous plexi in both retinae, which became engorged during Valsalva used to relieve phantosmia. Neither oligoclonal immunoglobulin pattern in cerebral spinal fluid (CSF) nor periventricular white matter lesions on MRI were present.

No patient reported headache or facial fullness either as part of the onset or offset of this initial or second phase of this syndrome or during any part of the post symptom period.

BPAS: Forty-seven women and 41 men had BPAS ([Table 1](#brainsci-03-01483-t001){ref-type="table"}). Patients' age varied from 1 to 82 years (46 ± 2 years, mean ± SEM ([Table 1](#brainsci-03-01483-t001){ref-type="table"}). Three patients developed symptoms prior to puberty. All were Caucasian. Symptoms were experienced one week to 10 years (mean 1.8 years) prior to presentation at The Clinic. Birhinal phantosmia followed hyposmia onset by 1 week--6 months in 70 patients (80%); it occurred simultaneously with onset of either hyposmia or other symptoms in 18 (20%) ([Table 1](#brainsci-03-01483-t001){ref-type="table"}). The most common initial symptom was hyposmia (in 86%). Phantosmia was always birhinal as opposed to the unirhinal character in CUP ([Table 1](#brainsci-03-01483-t001){ref-type="table"}). It was usually torquosmic as opposed to the primarily cacosmic character in CUP ([Table 1](#brainsci-03-01483-t001){ref-type="table"}). Mean age in BPAS was significantly older than in CUP (*p* \< 0.01, *t* test) ([Table 1](#brainsci-03-01483-t001){ref-type="table"}). In BPAS there was a similar number of men and women whereas in CUP women outnumbered men by 3:1, a significant different gender ratio (*p* \< 0.05, *X*^2^). No prior or subsequent clinical motor activity occurred in any patient.

Birhinal hyposmia was the initial presenting clinical complaint in 86% (as opposed to initial presenting complaint of unirhinal phantosmia in 100% of patients with CUP ([Table 1](#brainsci-03-01483-t001){ref-type="table"})); the remainder of BPAS patients had other associated smell and/or taste dysfunction including global hypogeusia and/or global aliageusia, aliosmia and phantageusia ([Table 5](#brainsci-03-01483-t005){ref-type="table"} (v.s.)). BPAS patients recognized their impaired smell acuity as opposed to CUP patients who generally did not have this symptom ([Table 1](#brainsci-03-01483-t001){ref-type="table"} and [Table 6](#brainsci-03-01483-t006){ref-type="table"}); 28% of BPAS patients exhibited an inability to recognize any vapor at any concentration (*i.e.*, absent recognition thresholds for any odorant, Type I hyposmia \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B130-brainsci-03-01483]\]), whereas no CUP patient exhibited Type I hyposmia ([Table 5](#brainsci-03-01483-t005){ref-type="table"}).

Phantosmia developed as a sequela of an illness, secondary to hyposmia in 86% of patients with BPAS ([Table 4](#brainsci-03-01483-t004){ref-type="table"} (v.s.)). The most common cause was head injury (post-concussive syndrome, 40 patients, 45% of total group \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483]\]), followed by an influenza-type viral infection (post influenza-like hyposmia and hypogeusia (PIHH), 24 patients, 27% of total group \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B157-brainsci-03-01483]\] ([Table 4](#brainsci-03-01483-t004){ref-type="table"})). As opposed to CUP in whom unirhinal phantosmia was the first and only symptom, phantosmia in BPAS usually appeared later, days, weeks or even months after appearance of hyposmia or other symptoms ([Table 1](#brainsci-03-01483-t001){ref-type="table"}); infrequently it appeared with onset of their associated symptoms. No patient experienced a seizure with motor activity before or after phantosmia onset despite the fact that 45% experienced head injury as the cause of their hyposmia and several of these patients experienced prograde and retrograde amnesia, loss of consciousness and skull fracture with their injury. After phantosmia terminated no physiological carry-over (*i.e.*, no post-ictal type symptoms) were present similar to CUP.

Phantosmia was always birhinal ([Table 1](#brainsci-03-01483-t001){ref-type="table"} and [Table 2](#brainsci-03-01483-t002){ref-type="table"}) and it always retained this character. It was initially intermittent or persistent but neither cyclic nor episodic, usually lasting from seconds to minutes to hours ([Table 3](#brainsci-03-01483-t003){ref-type="table"}); in some patients phantosmia was persistent and was present for days to weeks. In contrast to CUP, phantosmia in BPAS usually remained intermittent or persistent and, rather than increase in frequency and intensity, as in CUP; overtime it either remained the same or, more commonly, decreased in both frequency and intensity and in some patients disappeared although hyposmia always persisted. Phantosmia onset and offset usually occurred in an irregular, unpatterned, unpredictable manner. Phantosmia was not elicited by any physiological maneuver, usually occurring spontaneously; however, in a few patients, a strong, common ambient odor triggered phantosmia (*i.e.*, allodynosmia) with no distortion associated with the ambient odor per se (*i.e.*, no aliosmia). If phantosmia occurred after exposure to an ambient odor, after external odor removal, phantosmia either disappeared immediately or pursued its usual course and then disappeared as opposed to phantosmia persistence in CUP. No physiological maneuver initiated, diminished or abolished phantosmia. Phantosmia usually retained its initial character, which did not vary over time (v.s.).

Only on occasion did BPAS patients experience phantageusia (in 22 patients or 25% of the total group). This symptom was usually independent of phantosmia, was of a different character than phantosmia and of much less severity than phantosmia. When it occurred, phantageusia was orally global but usually transient and unrelated to any physiological stimulus. Allodyngeusia rarely occurred in BPAS.

Phantosmia character was significantly more frequently torquosmic (70 patients, 80% of the total group) than cacosmic (in 17 patients or 21%) or mixed (1 patient, 1% of the total group) ([Table 1](#brainsci-03-01483-t001){ref-type="table"} and [Table 2](#brainsci-03-01483-t002){ref-type="table"}), in contrast to CUP patients in whom phantosmia were more frequently cacosmic (ANOVA, *p* \< 0.01, *t* test).

Two patients had psychiatric diagnoses at their first visit to The Clinic; one had an obsessive-compulsive disorder and one had clinical depression. Both were under psychiatric care and taking anxiolytic drugs at that time; this treatment did not alter character or frequency of phantosmia or hyposmia.

No patient experienced any sensation in nose, taste in mouth or unusual feelings of any type prior to phantosmia onset; it occurred spontaneously after hyposmia onset.

No change in emotional state, willful behavior or physiological maneuver initiated or altered phantosmia.

No patient reported headache or facial fullness either as part of the onset or offset of the hallucinatory activity or during any part of the post symptom period.

3.2. Physical Examination of Head and Neck
------------------------------------------

CUP: No patient had any observable change from normal in nasopharyngeal cavity, mouth or neck. Uvular and palatal reflexes were normal. Each patient had both thick and thin nasal mucus in both nasal cavities. Nasal mucous membranes in both nares were of normal character and turgor. Nasal breathing was not altered in any patient.

BPAS: Twelve of 88 patients (14%) exhibited observable changes from normal in their nasal cavity; these were in 10 patients with PIHH and two patients with allergic rhinitis. In patients with PIHH there was observable thinning of nasal mucous membranes with absence of thick nasal mucus and increased nasal airways patency, as previously described \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B157-brainsci-03-01483]\]. In patients with allergic rhinitis there was modest edema of nasal mucous membranes birhinally, increased nasal congestion and slightly decreased nasal airways patency \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483],[@B158-brainsci-03-01483]\]. Changes did not subjectively restrict nasal air flow in any patient and each stated that nasal breathing was unchanged either after loss of olfactory acuity and/or onset of birhinal phantosmia. No patient exhibited nasal polyposis and none exhibited polypoid degeneration of nasal mucous membranes. No abnormalities were found in examination of mouth or neck in any patient.

3.3. Neurological Examination
-----------------------------

CUP: Except for the presence of phantosmia the clinical neurological examination was within normal limits in each patient.

BPAS: Except for the presence of phantosmia and hyposmia the clinical neurological examination was within normal limits in each patient.

3.4. EEG Changes
----------------

CUP: EEG abnormalities were observed in 19 of 40 patients (47.5%) ([Table 7](#brainsci-03-01483-t007){ref-type="table"} and [Table 8](#brainsci-03-01483-t008){ref-type="table"}). Abnormalities were found in temporal lobe in 13 patients, in fronto-temporal region in two, in frontal region in three and location was indeterminate in one. EEG slowing was observed in two patients and was diffuse. Seventeen patients (89%) exhibited sharp waves, three exhibited spike discharges. Photostimulation elicited abnormalities in two patients but changes were only exacerbations of already existing EEG abnormalities, both left temporal sharp wave discharges. Hyperventilation elicited abnormalities in two records, one in which photostimulation also exacerbated previously observed sharp waves in left temporal lobe.

Of 15 right handed patients with EEG abnormalities, eight exhibited left sided changes, six, bilateral and one with right sided changes ([Table 8](#brainsci-03-01483-t008){ref-type="table"}). Of six patients with bilateral abnormalities, three exhibited changes greater on left than right. Of the five left handed patients with EEG abnormalities, two exhibited right sided changes, two exhibited left sided changes and one exhibited bilateral changes with changes greater on left side than right.
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###### 

EEG characteristics in patients with phantosmia.

  Condition                                      CUP ^†^       BPAS ^†^
  ---------------------------------------------- ------------- ----------
  *EEG abnormality present*                                    
   No                                            22 ^w^        76
   Yes                                           18            12
   Men                                           5             5
   Women                                         13            7
  *Abnormality type*                                           
   Slowing                                       2 ^z1^        6
   Sharp waves                                   16 ^z^        6
  *Abnormality site*                                           
   Localized                                     17 ^z,\ w1^   8
   Generalized                                   1             4
  *Similar side phantosmia/EEG abnormality*                    
   Yes                                           4 ^z1^        \--
   No                                            14            \--
  *"Opposite side" phantosmia/EEG abnormality*                 
   Yes                                           6             \--
   No                                            12            \--

**^†^** Patient Number; *CUP vs. BPAS*: ^w^ *p* \< 0.001, *X*^2^ (EEG abnormality, no *vs*. yes); ^z^ *p* \< 0.05, *X*^2^, (sharp waves present, localized EEG changes); *CUP*: ^w1^ *p* \< 0.001, *X*^2^ (localized *vs*. generalized); ^z1^ *p* \< 0.05, *X*^2^ (slowing *vs*. sharp waves; EEG abnormality, not on similar side EEG abnormality).
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###### 

EEG characteristics in patients with phantosmia.

  Condition                                                CUP ^†^       BPAS ^†^
  -------------------------------------------------------- ------------- --------------
  *Skilled Hand*                                                         
   Right (R)                                               37 ^x^ (78)   85 (97)
   Left (L)                                                9 ^x^ (22)    3 (3)
  *Final naris side of phantosmia*                                       
   L Sided Phantom                                         13            0
   R Sided Phantom                                         15            0
   Bilateral phantom                                       12 ^w^        88
  *Handedness vs. Final side of phantosmia*                              
   R Handed, L Sided Phantom                               12 (30)       0 (0)
   R Handed, R Sided Phantom                               9 (22)        0 (2)
   R Handed, Bilateral Phantom                             10 (25)       85 ^w2^ (97)
   L Handed, R Sided Phantom                               2 (5)         0 (1)
   L Handed, L Sided Phantom                               3 (8)         0 (2)
   L Handed, Bilateral Phantom                             4 (10)        3 (3)
  *Handedness vs. Side of EEG abnormality*                               
   R Handed, L Sided EEG                                   8 (44)        3 (25)
   R Handed, R Sided EEG                                   1 (6)         1 (8)
   R Handed, Bilateral EEG                                 4 (22)        8 (67)
   L Handed, R Sided EEG                                   1 (6)         0
   L Handed, L Sided EEG                                   2 (11)        0
   L Handed, Bilateral EEG                                 2 (11)        0
  *Final side of phantosmia vs. Side of EEG abnormality*                 
   R Side, L EEG                                           4 (22)        0
   R Side, R EEG                                           0 (0)         0
   R Side, Bilateral EEG                                   3 (17)        0
   L Side, R EEG                                           2 (11)        0
   L Side, L EEG                                           3 (17)        0
   L Side, Bilateral EEG                                   2 (11)        0
   Bilateral, L EEG                                        3 (17)        0
   Bilateral, R EEG                                        0 (0)         0
   Bilateral, Bilateral EEG                                1 (5)         0

**^†^** Patient Number; ( ) Percent; *CUP vs. BPAS*: ^w^ *p* \< 0.001, *X*^2^ (bilateral phantom, final side); ^x^ *p* \< 0.01, *X*^2^ (R skilled hand, L skilled hand); *BPAS*: ^w2^ *p* \< 0.001, *X*^2^ (bilateral phantom *vs*. L or R sided phantom).

Stage II sleep was obtained in 22 patients (55%) demonstrated by sleep spindles on EEG record; in only one patient were EEG changes not observed during the waking EEG observed during sleep.

Phantosmia was elicited and specifically noted during EEG recording in 24 patients (60%); no abnormality not previously observed was elicited with phantosmia. Mean duration of phantosmia was 21.4 min (range 1--120 min). In some patients phantosmia was not present at beginning of EEG but was elicited during the record by deep, rapid, repeated nasal sniffs or hyperventilation; in other patients phantosmia was present at initiation of EEG record and was terminated by a Valsalva maneuver. No matter the sequence, no change in EEG over that observed before initiation or termination of phantosmia was observed.

Nasopharyngeal leads revealed no additional abnormalities over those observed without use of these leads.

BPAS: EEG abnormalities were observed in 12 of 88 patients (14%) a significantly smaller percentage than in CUP ([Table 7](#brainsci-03-01483-t007){ref-type="table"}) (*p* \< 0.01, *X*^2^, *F* test). Of EEG changes observed, six showed slowing and six showed sharp waves (all among the 40 who had head injury), also significantly less than in CUP ([Table 7](#brainsci-03-01483-t007){ref-type="table"}) (*p* \< 0.05, *X*^2^, *F* test). EEG changes were localized in eight patients and generalized in four, also significantly different from increased localization of EEG changes observed in CUP (*p* \< 0.05, *X*^2^, *F* test). Phantosmia was reported present during EEG in 15 patients lasting from sec to the entire EEG; this symptom was not and could not be elicited by any behavioral or physiological maneuver in any patient who did not have the symptom at initiation of EEG. Phantosmia presence was not associated with any specific abnormality observed in EEG record and did not distinguish EEG records of these patients from others with BPAS.

Stage II sleep was obtained in 47 patients (53%) demonstrated by sleep spindles on EEG record; no EEG changes not observed during wakefulness were observed during sleep. Nasopharyneal leads revealed no additional abnormalities over those observed without these leads.

3.5. Neuroimaging Studies
-------------------------

CUP: Some abnormality was observed in 11 patients (27.5% ([Table 9](#brainsci-03-01483-t009){ref-type="table"}); these were CT brain scan changes in six patients (bilateral parietal parasagital encephalomalacia (one patient), mild frontal atrophy (one patient), undefined soft tissue density (one patient), calcification within the sella turcica (one patient) mucoperiosteal thickening of ethmoid and maxillary sinuses, bilaterally (one patient) and a cystic formation in the left maxillary antrum (one patient)). In one patient a solitary plaque was found in central white matter on MRI. In the three women who underwent cerebral angiography one had bilateral orbital vein varicosities with right superior orbital vein thrombosis whereas no abnormalities were observed in the other two. Abnormalities on skull X-rays were sella turcica calcification and mucoperiosteal sinus thickening also observed on CT brain scan. Abnormalities on sinus x-rays were mucoperiosteal thickening of the maxillary sinuses, bilaterally, in two patients.

brainsci-03-01483-t009_Table 9

###### 

Imaging studies in patients with phantosmia.

  Condition                                    CUP ^†^   BPAS ^†^
  -------------------------------------------- --------- ----------
  *CAT scan---brain*                           28 ^z^    55
   Abnormal studies                            6         16
   Normal studies                              22        39
  *MRI brain*                                  4         2
   Abnormal studies                            1         0
   Normal studies                              3         2
  *Tc99^m^ brain scan*                         0         6
   Abnormal studies                            0         0
   Normal studies                              0         6
  *Skull X-ray*                                20        6
   Abnormal studies                            2         1
   Normal studies                              18        5
  *Sinus X-ray*                                12        14
   Abnormal studies                            2         4
   Normal studies                              10        10
  *Total patients with radiographic studies*   40        83
   Abnormal studies                            11        21
   Normal studies                              29        62

**^†^** Patient Number; *CUP vs. BPAS*: ^z^ *p* \< 0.05, *X*^2^ (abnormal CAT scan).

BPAS: Abnormalities were observed in 21 patients (24% ([Table 9](#brainsci-03-01483-t009){ref-type="table"})), not significantly different from that observed in CUP. Abnormalities on brain CT scans included seven with encephalomalacia with or without atrophy, four with specific frontal or temporal atrophic changes, one with a subdural hematoma, one with a subarachnoid hemorrhage, one with an occipital skull fracture (all 14 abnormalities among the 40 patients with a prior history of head injury) and two with bilateral maxillary sinusitis (among the four patients with allergic rhinitis). The abnormality on skull X-ray was a basilar skull fracture in one patient at time of prior head trauma. Abnormalities on sinus-X rays were sinusitis of maxillary antra (unilateral or bilateral) in four patients (two among the four patients with allergic rhinitis and two among the three patients post nasal surgery).

In a recent study of brain MRI scans in 1000 asymptomatic nominally normal volunteers 18% showed abnormal results with 13.2% exhibiting what was interpreted radiographically as paranasal sinusitis \[[@B170-brainsci-03-01483]\]. In other studies of this type paranasal sinusitis was found in 42%--49% of supposedly normal subjects \[[@B170-brainsci-03-01483],[@B171-brainsci-03-01483],[@B172-brainsci-03-01483],[@B173-brainsci-03-01483]\].

3.6. fMRI Studies
-----------------

CUP: Brain activation to phantosmia memory was extremely robust and quantitatively greater than to any other olfactory stimulus (e.g., smell of any vapor, including absolute pyridine, an extremely pungent, unpleasant odor \[[@B104-brainsci-03-01483]\]). Although phantosmia was unirhinal, brain activation to phantosmia and phantosmia memory was bihemispheric. CNS activation was not related to patient handedness or side of phantosmia although a suggestion of preponderance of right as opposed to left hemispheric activation was apparent \[[@B174-brainsci-03-01483]\]. After forced nasal inhalation and exhalation initiated unirhinal phantosmia, increased bihemispheric CNS activation occurred \[[@B104-brainsci-03-01483]\]. After Valsalva inhibited unirhinal phantosmia increased bihemispheric CNS activation also occurred \[[@B104-brainsci-03-01483]\]. Regional CNS activation was sensory specific, greatest in anterior frontal and temporal cortex \[[@B104-brainsci-03-01483]\], but prominent activation was measured in cingulate and in striatum.

BPAS: Brain activation to phantosmia memory was also robust and quantitatively greater than to any olfactory stimulus previously presented \[[@B162-brainsci-03-01483]\]. Regional CNS activation was sensory specific, greatest in the anterior frontal and temporal cortex with little or no activation in striatum \[[@B162-brainsci-03-01483]\]. No physiological maneuver increased and inhibited CNS activation in patients with BPAS.

3.7. MRS Studies
----------------

CUP: Results of preliminary studies indicated ratio of GABA: creatine in occipital cortex was not different between the two patients studied and the normal volunteers (patients, mean, 0.22, normals, 0.18 ± 0.03 (Mean ± SEM)). Ratio of GABA: creatine was lower in cingulate and right insula cortex in patients compared to normal volunteers (patients, mean, cingulate, 0.12, right insula, 0.10; normals, cingulate, 0.21 ± 0.05, right insula, 0.22 ± 0.06). Results indicate mean ratio of GABA: creatine in cingulate cortex in patients was 57% that in normal volunteers, mean ratio in right insula in patients was 45% that in normals.

BPAS: Similar regional changes in GABA: creatine to those found in CUP were also found in BPAS. In occipital cortex, ratio of GABA: creatine was similar in patients and normals (patients, 0.17 ± 0.04, normals, 0.18 ± 0.03). In patients, in cingulate and right insular cortex, ratio of GABA: creatine were significantly lower than in normals (cingulate, patients, 0.11 ± 0.007, normals, 0.21 ± 0.05, *p* \< 0.01 *t* test; right insula, patients, 0.14 ± 0.03, normals, 0.22 ± 0.06, *p* \< 0.01, *t* test).

3.8. CO~2~ Inhalation Studies
-----------------------------

CUP: Following CO~2~ inhalation, inhibition of phantosmia was reported by seven of the 10 patients (six women, one man) to whom it was administered. CO~2~ inhalation was difficult to maintain due to its abrasive character. After initial CO~2~ inhalation phantosmia inhibition persisted from periods of one-48 h (five women, one man) to 7 days (one woman). The longer the patient tolerated CO~2~ exposure the longer phantosmia inhibition. During this inhibition period no physiological maneuver which previously initiated phantosmia (e.g., sneezing, crying, blowing the nose, hyperventilation) initiated phantosmia despite repeated efforts to perform these maneuvers. At termination of this refractory period phantosmia either returned spontaneously or was initiated by a maneuver which commonly initiated it prior to CO~2~ inhalation. In the woman in whom phantosmia was inhibited for 7 days, phantosmia returned after she blew her nose. CO~2~ inhalation was then repeated on two additional occasions over a period of five weeks; after each inhalation her phantosmia was inhibited, albeit length of inhibition period decreased after each CO~2~ inhalation. In four of the 10 patients (one woman, three men) no effect of CO~2~ inhalation could be convincingly demonstrated. Administration of CO~2~ by facial mask may play a role in delivery of this agent since, by analogy, delivery of oxygen through nasal prongs did not influence incidence of post-operative wound infections \[[@B175-brainsci-03-01483],[@B176-brainsci-03-01483]\] whereas delivery through facial mask decreased wound infection incidence \[[@B177-brainsci-03-01483]\] presumably through increased arterial oxygen tension and subcuteneous tissue oxygen tension \[[@B178-brainsci-03-01483]\]. No change in smell acuity occurred following this procedure.

BPAS: CO~2~ inhalation was not used in any patient.

3.9. Intranasal Cocaine Administration
--------------------------------------

CUP: Unirhinal intranasal cocainization initiated immediate cessation of phantosmia in each patient in whom it was used. This effect persisted for 2 h in one patient and for 8 h in the other. During this inhibitory period no physiological maneuver, which previously initiated phantosmia, did so despite repeated attempts to initiate it. Whereas prior to this intervention both exhibited normal smell function Type I hyposmia was induced in the cocainized naris subsequent to this procedure (determined by absent RT and diminished DT for all odorants using unirhinal testing) and its time course roughly followed onset and offset of phantosmia. Phantosmia returned either spontaneously (one patient) or after blowing the nose (one patient), which terminated this inhibitory period. Subsequent to this intervention with phantosmia return smell function also returned to normal in each patient.

BPAS: Birhinal intranasal cocainization initiated immediate cessation of phantosmia in the patient in whom it was used. This effect persisted for approximately 10 days after which time it returned in a pattern similar to that noted prior to this procedure. This patient exhibited Type I hyposmia prior to nasal cocainization and it did not change after intranasal cocainization.

3.10. rTMS Studies
------------------

CUP: No patient reported any change in phantosmia intensity or character after shoulder or neck stimulation at 40% intensity or after stimulation to any skull region at 20% intensity. Each patient reported a significant initial decrease (10%--30%) in phantosmia after stimulation at 60% maximal intensity in left temporoparietal region with no further change after stimulation in any other region. Repeat stimulation (one to six applications) in this region induced a continued decrease to a stable inhibition level about 50% of pre stimulation phantosmia which persisted for 3 h in one patient and 20 days in the other. During this inhibitory period no physiological maneuver (e.g., nose blowing, hyperventilation) induced phantosmia. In the patient in whom inhibition persisted for three hours phantosmia intensity increased to prestimulation levels after this period following hyperventilation. In the patient in whom phantosmia inhibition persisted for 20 days phantosmia intensity increased after this period but only to about 60% of pre stimulation intensity after nose blowing and did not increase further in intensity with any physiological maneuver. Significant increases in carbonic anhydrase I, II and VI occurred in blood plasma, erythrocytes and saliva, respectively, and in plasma, erythrocytes and saliva zinc and copper measured after rTMS consistent with the phantosmia decrease in each patient \[[@B167-brainsci-03-01483]\]. Repeat stimulation was not performed in either patient.

BPAS: No patient reported any change in phantosmia intensity or character after stimulation to shoulder or neck or after stimulation in any skull region at 20% intensity. Each patient reported a significant initial decrease in phantosmia after stimulation at 60% maximal intensity \[[@B165-brainsci-03-01483],[@B166-brainsci-03-01483]\]. Three reported an initial decrease in phantosmia intensity after stimulation in left temperoparietal region with no further change after stimulation in any other region. Initial response was usually a decrease of 20%--50%. Repeat stimulation (one to six applications) in this region induced a report of total absence of phantosmia (an intensity decrease of 50%--100%). Associated with this decrease changes in carbonic anhydrase I, II and VI and in zinc and copper similar to those measured in CUP were also reported \[[@B167-brainsci-03-01483]\].

The decrease in phantosmia was as long lasting as reports were obtained in two patients (both women (*i.e.*, after 24 months)) and lasted two mo (one man) in the other patient; repeat stimulation in this latter patient induced a four month phantosmia remission after a spontaneous return to about 50% of its prior intensity. After another spontaneous return to about 40% of prior phantosmia intensity a further stimulation resulted in phantosmia inhibition that has lasted for over one year. One patient (one man) reported an initial decrease (\~40%) in phantosmia after initial stimulation in right temporoparietal region without further change in stimulation in any other region. Repeat right temporoparietal stimulation resulted in complete inhibition of phantosmia (100% decrease), which has lasted as long as records were obtained (\>48 months).

3.11. Evaluation and Treatment Prior to This Study
--------------------------------------------------

CUP: After phantosmia onset each patient sought assistance from some medical caregiver to attempt to evaluate and alleviate the symptom \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483]\]. Each treated patient was evaluated by an average of four practitioners prior to evaluation and treatment at The Taste and Smell Clinic in Washington, DC, USA. Initially patients received little or no encouragement or treatment from their local medical consultants. Subsequently, 28 of the 40 (70%) received at least one form of treatment for periods of one wk to four mo prior to their visit to The Clinic ([Table 10](#brainsci-03-01483-t010){ref-type="table"}). Thirteen (32.5%) were told their phantosmia was psychosomatic and were referred for psychiatric evaluation and treatment. Each of these patients underwent psychiatric treatment and were given anxiolytic agents which did not alter phantosmia ([Table 10](#brainsci-03-01483-t010){ref-type="table"}). Twelve (30%) received antidepressants, (including dibenzocycloheptadines (eight patients), benzodiazepines (two patients), phenothiazines (one patient) and other tricyclic antidepressants (one patient)) which improved mood in four patients but did not significantly alter phantosmia in any patient. Thirty patients (75%) were referred to a neurologist. After obtaining an EEG, the results of which are not available, each was considered to have some type of seizure disorder and 24 (60%) were given an anticonvulsant either singly (usually phenytoin) or in combination with another anticonvulsant agent ([Table 10](#brainsci-03-01483-t010){ref-type="table"}); phantosmia was not permanently altered by any of these drugs although one patient reported temporary relief from phenobarbital treatment. Some patients went to otolaryngologists. Thirteen (32.5%) were given antibiotics; five of these were also given antihistamines and eight were also given either systemic adrenocorticosteroids or intranasal steroid sprays; no phantosmia change resulted from these therapies. Three were treated with allergic immunotherapy without benefit. Three received intranasal installation of 10% cocaine; in two patients phantosmia was inhibited for 24 h and then returned; in one patient phantosmia was inhibited for four mo before returning. Ten patients underwent surgical procedures involving the affected naris in an attempt to relieve phantosmia; seven underwent nasal submucous resections and three underwent Caldwell-Luc procedures. No procedure inhibited phantosmia. Eleven were given exogenous oral zinc ion and two were treated with massive doses of vitamins (vitamin A, 50,000 units daily (one patient), B complex vitamins (one patient)) without change in phantosmia. Other attempts to evaluate and control phantosmia included various forms of alternative medical practice including medicinal herbs, nutritional supplements, hypnosis and acupuncture. One patient reported phantosmia inhibition with daily smoking of THC (v.s.). Two patients received thioridazine with one noting diminution in phantosmia intensity after the drug was administered for one mo whereas the other noted no benefit after one mo of treatment.

BPAS: Each patient repeatedly sought medical assistance primarily for treatment of loss of smell and flavor acuity, their major complaints \[[@B102-brainsci-03-01483],[@B105-brainsci-03-01483]\], although not all patients received treatment ([Table 10](#brainsci-03-01483-t010){ref-type="table"}). While not unconcerned with their phantosmia most physicians considered this a lesser problem than loss of ability to smell and taste (obtain flavor) from food. Patients were evaluated and treated by an average of four practitioners prior to their first visit to The Clinic. Seventy-one patients (81%) received at least one form of treatment for two weeks to six months prior to their visit to The Clinic ([Table 10](#brainsci-03-01483-t010){ref-type="table"}). Most patients, after receiving little assistance from their local medical consultant, were referred to an otolaryngologist who usually considered their symptoms a local nasal disease. Fifty-five (62.5%) were treated with antibiotics, 23 (26%) with antihistamines and 22 (25%) with adrenocorticosteroids (systemic therapy (19 patients), intranasal sprays or injections (12 patients)); none of these treatments changed phantosmia. Oxymetazoline nasal spray was used in six patients without alteration of phantosmia. Eleven were treated with allergic immunotherapy without benefit. Surgical procedures were attempted to correct what was considered clinically to be either nasal anatomical problems (e.g., deviated nasal septum) or as treatment for hyposmia and/or phantosmia. Eight patients underwent submucous nasal resection and three underwent birhinal Caldwell-Luc procedures. None of these procedures was effective in relieving the patients' symptoms. When this approach failed to restore smell and flavor acuity patients went to a variety of other physicians for assistance. Nine went to neurologists (significantly fewer than those with CUP (*p* \< 0.01, *X*^2^)) who treated them with anticonvulsant medication either singly or in some drug combination ([Table 10](#brainsci-03-01483-t010){ref-type="table"}); this therapy was ineffective in relieving phantosmia. Five patients were referred to psychiatrists; each was treated with antidepressants (dibenzocycloheptadines (two patients), benzodiazepines (one patient) and other tricyclic antidepressants (two patients)), significantly fewer than those with CUP. As in CUP no patient noted any change in phantosmia with this therapy. Thirty (34%) were treated with exogenous oral zinc ion and 10 were treated with massive doses of vitamins (vitamin A, 50,000 units daily (five patients) B complex vitamins (five patients)) without any change in phantosmia. Some patients were evaluated and treated by alternative healthcare practitioners including nutritionists, acupuncturists and hypnotists without change in phantosmia. Neurologists and neurosurgeons who initially evaluated most patients with head injury commonly considered the associated loss of smell and flavor perception related to irreversible anatomical damage to the olfactory nerves and/or CNS and usually told patients that there was no possible treatment for their loss of acuity \[[@B179-brainsci-03-01483]\] albeit some instituted therapy for phantosmia and/or phantageusia with antiepileptic agents if these symptoms were prominent enough that they considered them consistent with a seizure disorder. If phantosmia and/or phantageusia still persisted many patients returned to otolaryngologists who again treated their loss of acuity as a local nasal disease with agents noted above, again without success.

brainsci-03-01483-t010_Table 10

###### 

Treatment prior to evaluation at The Taste and Smell Clinic in patients with phantosmia.

  Condition                CUP ^†^   BPAS ^†^
  ------------------------ --------- ----------
  *Prior treatment*                  
   No                      13        17
   Yes                     27        71 ^w^
  *Treatment type*                   
   Anti-convulsants        23 ^w^    9
   Phenytoin               12        9
   Primidone               5         0
   Carbamazepine           3         0
   Mebaral                 1         3
   Phenobarbitol           4         3
   Alone                   2         0
   With another ac         2         3
   Anti-depressants        11        5
   Anti-histamines         5         23
   Adrenocorticosteroids   8         22
   Systemic                1         19 ^x^
   Intranasal              7         12
   Spray                   6         10
   Local injection         1         2
   Other nasal sprays      1         6
   Oxymetazoline           1         6
   Allergy immunotherapy   3         11
   Surgical intervention   2         11
   Submucous resection     2         8
   Other                   0         3
   Vitamins/minerals       12        30
   Zinc                    11        22
   Vitamin A               1         5
   Other                   0         5
   Intranasal cocaine      3         0
   Thioridazine            2         1

**^†^** Patient Number; *CUP vs. BPAS*: ^w^ *p* \< 0.001, *X*^2^(yes, prior treatment; anti-convulsant treatment); ^x^ *p* \< 0.01, *X*^2^ (systemic adrenocorticosteroids).

4. Discussion
=============

4.1. Pathophysiological, Peripheral and CNS Components of CUP
-------------------------------------------------------------

A significant peripheral component initiated phantosmia in CUP consistent with peripheral hypersensitivity leading to CNS reorganization and plasticity. Phantosmia was initiated after unirhinal stimulation with normal physiological activities that would not cause any symptom in normal subjects; e.g., blowing the nose, repetitive or excessively intense breathing or exposure to ambient odors initiated phantosmia. These results indicate increased local excitation manifested by peripheral hypersensitivity played a significant role in initiating phantosmia and these effects were localized to olfactory epithelium in one naris. We suggest an endogenous loss of GABAergic function occurred in these patients thereby sensitizing the olfactory system to normal sensory input which initiated inappropriate peripheral responses, extending to CNS as well, as we previously reported \[[@B36-brainsci-03-01483]\].

While explanation for this observed peripheral hypersensitivity in CUP may appear to be simplistic it may be similar to task related plasticity \[[@B180-brainsci-03-01483],[@B181-brainsci-03-01483],[@B182-brainsci-03-01483],[@B183-brainsci-03-01483],[@B184-brainsci-03-01483],[@B185-brainsci-03-01483]\] and peripheral hypersensitivity previously observed in dystonia \[[@B180-brainsci-03-01483],[@B183-brainsci-03-01483]\]. It is well known that repetitive hand or arm movements or extremity overuse initiated and/or increased dystonia \[[@B180-brainsci-03-01483],[@B181-brainsci-03-01483]\] associated with CNS somatosensory degradation \[[@B180-brainsci-03-01483]\], abnormal recruitment of cortical areas involved with control of voluntary movement \[[@B186-brainsci-03-01483]\] with impaired and inefficient CNS sensory integration \[[@B183-brainsci-03-01483]\]. These phenomena were reproduced in animal models of dystonia in which CNS GABA levels in specific regions were decreased compared to controls \[[@B186-brainsci-03-01483],[@B187-brainsci-03-01483]\]. Reduction of intracortical GABAergic inhibition in animals by local CNS application of GABA antagonists to motor cortex (e.g., bicuculline, muscimol, lamotrigene) led to hypersensitivity exacerbating dystonic-like movements \[[@B186-brainsci-03-01483],[@B188-brainsci-03-01483],[@B189-brainsci-03-01483]\]. Reduction in putamen and globus pallidus GABA levels were also found in a patient with symptomatic dystonia \[[@B190-brainsci-03-01483]\].

Blocking this peripheral component in CUP by a variety of maneuvers always inhibited phantosmia. Unirhinal nasal blockage, unirhinal installation of cocaine, smoking of THC or excision of olfactory epithelium \[[@B191-brainsci-03-01483]\] inhibited phantosmia. We suggest peripheral blocking activities in CUP inhibited peripheral hypersensitivity in the unirhinal olfactory epithelium either by inhibiting local stimulus delivery or by increasing local and/or CNS GABAergic activity. These results are similar in several ways to those in task specific focal dystonia \[[@B180-brainsci-03-01483]\] in which decreased peripheral input \[[@B184-brainsci-03-01483]\] or decreased repetitive activity \[[@B192-brainsci-03-01483]\] decreased dystonic movements. For example, limb immobilization \[[@B184-brainsci-03-01483]\] inhibited sensory input that might otherwise initiate dystonia \[[@B183-brainsci-03-01483]\]. These results support the concept of a balance between peripheral excitation and inhibition in these patients.

However, these blocking maneuvers (e.g., intranasal cocaine) induced two effects in CUP; *i.e.*, both phantosmia inhibition and hyposmia induction, and it may be difficult to separate these effects functionally or anatomically. Thus, each of these maneuvers that inhibited phantosmia induced loss of smell by directly blocking delivery of vapor to olfactory receptors (nasal plugging) or by inhibiting olfactory activation at the olfactory epithelium (cocaine inhalation). Although changes in olfactory acuity with THC have not been systematically investigated these effects indicate that it is possible to inhibit phantosmia locally by a peripheral effect in one naris. This effect may be due to changes in peripheral GABAergic function or GABA concentration, which putatively increases, since GABA effects, including [l]{.smallcaps}-glutamic acid decarboxylase (GAD) metabolism, may relate to its effects in peripheral tissues \[[@B193-brainsci-03-01483]\] as well as in CNS. Although data are not clear-cut on this issue THC has been shown to augment inhibitory effects of GABA \[[@B194-brainsci-03-01483],[@B195-brainsci-03-01483],[@B196-brainsci-03-01483],[@B197-brainsci-03-01483]\]. Since we demonstrated various drugs which inhibited phantosmia \[[@B166-brainsci-03-01483],[@B167-brainsci-03-01483]\] also increased CNS GABA function \[[@B198-brainsci-03-01483],[@B199-brainsci-03-01483]\] it seems reasonable to speculate that these inhibitory effects may occur through increased GABAergic activity which might occur in the periphery as well as in CNS. On the other hand, it might seem reasonable to speculate that if initial effect of any of these maneuvers were to inhibit olfaction then subsequent effects would be deafferentation and functional cortical reorganization with GABA diminution rather than increased GABAergic function similar to induction of phantom limb syndrome. But in CUP we observed both hyposmia and phantosmia inhibition with these blocking maneuvers and we have suggested that this effect was due to increased CNS and presumably increased peripheral GABAergic activity. Mechanisms underlying these effects are complex and current data do not allow a definitive explanation.

Whereas these blocking maneuvers (nasal plugging, nasal cocaine installation) also induced hyposmia in normal subjects, cocaine \[[@B200-brainsci-03-01483],[@B201-brainsci-03-01483],[@B202-brainsci-03-01483]\] and THC \[[@B203-brainsci-03-01483],[@B204-brainsci-03-01483]\] inhalation may initiate rather than inhibit hallucinations (obviously, normal subjects do not exhibit phantosmia prior to cocaine or THC use). These results suggest a plausible mechanism for these effects in normal subjects although it may be difficult again to separate peripheral from CNS effects. Hallucination induction in normals is consistent with data indicating nasal cocaine inhalation or THC smoking decreased CNS GABA or GABA function \[[@B205-brainsci-03-01483],[@B206-brainsci-03-01483],[@B207-brainsci-03-01483],[@B208-brainsci-03-01483],[@B209-brainsci-03-01483]\], perhaps also extending to peripheral structures, with subsequent changes in CNS GAD, other moieties, disinhibition of CNS and sensory function \[[@B210-brainsci-03-01483],[@B211-brainsci-03-01483],[@B212-brainsci-03-01483]\] and hallucination onset. It is this decreased GABA we previously hypothesized as consistent in both normals and CUP with onset of hallucinatory activity. However, this hallucinatory behavior in normals occurs after the local effect of cocaine occurs, *i.e.*, after cocaine-induced hyposmia. This loss of sensory input in normal subjects may induce a phenomenon similar to deafferentation hypersensitivity with subsequent CNS dysplasticity as in phantom limb syndrome, a change that may occur rapidly after hyposmia induction. This effect may be similar to rapid reductions in CNS GABA, which occur after deafferentation, as observed after reversible induction of forearm ischemia \[[@B213-brainsci-03-01483]\], unilateral labyrinthectomy in rat \[[@B214-brainsci-03-01483]\] and in other classic studies \[[@B215-brainsci-03-01483],[@B216-brainsci-03-01483]\]. There are also slower CNS GABA reductions, long term changes reported in humans after limb amputation \[[@B217-brainsci-03-01483]\] after eye enucleation in animals \[[@B218-brainsci-03-01483],[@B219-brainsci-03-01483],[@B220-brainsci-03-01483]\] and after other sensory or activity dependent procedures \[[@B221-brainsci-03-01483],[@B222-brainsci-03-01483]\] including changes in GAD \[[@B222-brainsci-03-01483]\].

One possible attempt to understand this putative dichotomous effect of cocaine (and THC) in normals and in CUP may relate to reported biphasic effects of both cocaine and THC on GABAergic activity. Cocaine and THC have been shown to both increase or decrease GABAergic activity by direct CNS effects \[[@B206-brainsci-03-01483],[@B207-brainsci-03-01483],[@B208-brainsci-03-01483],[@B222-brainsci-03-01483],[@B223-brainsci-03-01483],[@B224-brainsci-03-01483]\], through effects on G proteins \[[@B220-brainsci-03-01483]\], through effects on GABA receptor function, \[[@B222-brainsci-03-01483],[@B223-brainsci-03-01483],[@B224-brainsci-03-01483],[@B225-brainsci-03-01483],[@B226-brainsci-03-01483],[@B227-brainsci-03-01483]\] through various GABA related metabolic enzymes \[[@B205-brainsci-03-01483],[@B228-brainsci-03-01483],[@B229-brainsci-03-01483]\] mediated by induction of dopamine uptake inhibition \[[@B230-brainsci-03-01483],[@B231-brainsci-03-01483]\] or through complex chemical kindling mechanisms \[[@B232-brainsci-03-01483]\]. These effects for cocaine occur in addition to its well-known local nasal anesthetic effects. By analogy with dystonia, animal models of dystonia have shown that decreased CNS GABA levels resolved after disease disappearance \[[@B190-brainsci-03-01483],[@B233-brainsci-03-01483],[@B234-brainsci-03-01483]\] and treatment with GABAergic drugs restored normal peripheral motor function and CNS GABA levels \[[@B232-brainsci-03-01483]\]. Other drugs, which activate CNS GABA (e.g., baclofen, vigabatrin, gabapentin \[[@B234-brainsci-03-01483],[@B235-brainsci-03-01483],[@B236-brainsci-03-01483],[@B237-brainsci-03-01483],[@B238-brainsci-03-01483]\]) inhibited dystonic movements and we have shown that drugs with similar effects (haloperidol, thioridazine) inhibited phantosmia in CUP \[[@B36-brainsci-03-01483],[@B104-brainsci-03-01483]\].

These mechanisms are supported by our preliminary results with rTMS, which inhibited phantosmia in CUP (v.s.) consistent with induction of increased CNS GABA \[[@B165-brainsci-03-01483],[@B166-brainsci-03-01483]\]. rTMS in normal humans \[[@B239-brainsci-03-01483],[@B240-brainsci-03-01483]\], in patients \[[@B241-brainsci-03-01483]\] and in animals \[[@B242-brainsci-03-01483]\] applied in a similar manner was without any subsequent long term functional physiological effect albeit intracortical inhibitory circuitry was transiently suppressed \[[@B243-brainsci-03-01483]\]. Similar inhibitory results were also demonstrated in dystonia \[[@B244-brainsci-03-01483],[@B245-brainsci-03-01483]\] since rTMS inhibited dystonic movements by inhibiting hypersensitivity with subsequent reorganization of the CNS and correction of maladaptive CNS plasticity. By analogy, these results suggest that phantosmia was created by disorganization of normal CNS pathways secondary to induction of CNS plasticity related to peripheral hypersensitivity and was corrected by rTMS through reorganization of the disorganized CNS.

### 4.1.1. Valsalva Effects

Although mechanism(s) responsible for physiological termination of phantosmia in CUP may be complex, maneuvers, which inhibited phantosmia may offer clues as to CNS mechanism(s) of these effects and to the syndrome itself. A consistent method for phantosmia inhibition in CUP followed performance of a Valsalva maneuver. The normal Valsalva response involves an initial transient rise in systemic blood pressure, then a gradual decrease in pulse pressure and stroke volume, due to decreased venous return to the heart, then a transient decrease in systemic blood pressure followed by a characteristic overshoot of systemic blood pressure over baseline \[[@B246-brainsci-03-01483],[@B247-brainsci-03-01483]\]. Changes in CSF pressure accompany these effects \[[@B248-brainsci-03-01483]\] as do changes in cerebral blood flow. It is therapeutically useful in terminating paroxysmal supraventricular tachycardias \[[@B249-brainsci-03-01483]\], ventricular tachycardias \[[@B250-brainsci-03-01483]\] and angina related to coronary artery disease \[[@B251-brainsci-03-01483],[@B252-brainsci-03-01483]\]. This latter effect has been attributed to an abrupt decrease in determinants of myocardial oxygen demand. Other effects attributed to this maneuver are doubling of portal vein pressure in patients with cirrhosis \[[@B253-brainsci-03-01483]\] and an increase in factor VIII concentration attributed to an increase in circulating epinephrine \[[@B254-brainsci-03-01483]\]. Perhaps some aspect of changes in CSF pressure, cerebral blood flow or local catecholamine concentration may play roles in inhibiting phantosmia in patients with CUP. Studies using brain fMRI in patients with CUP demonstrated that Valsalva performance, which inhibited phantosmia in patients with their phantosmia initiated, increased brain fMRI activation over the already robust activation measured with the initiated phantosmia \[[@B104-brainsci-03-01483]\]. This result is consistent with increased regional cerebral blood flow creating a transient state of oxyhemoglobin abundance such that use of pulse sequences that are sensitive to changes in oxyhemoglobin/deoxyhemoglobin disparities (*i.e.*, BOLD imaging \[[@B255-brainsci-03-01483],[@B256-brainsci-03-01483]\]) allows visualization of these transient changes.

However, Valsalva may also inhibit phantosmia through direct CNS effects. In an investigation of hyperventilation, orthostasis and Valsalva in healthy normal volunteers, Lempert *et al*. induced syncope, generalized and multifocal myoclonic jerks, visual and auditory hallucinations and EEG changes of high-amplitude slowing and flattening \[[@B257-brainsci-03-01483]\], with hyperventilation, then Valsalva \[[@B258-brainsci-03-01483],[@B259-brainsci-03-01483]\]. During Valsalva, brain fMRI activation in normal volunteers was observed in putamen, anterior hypothalamus, interpeduncular nuclei, basal and dorsal pons, deep cerebellar nuclei, ventral medullary surface and dorsal column nuclei \[[@B260-brainsci-03-01483]\] but not in regions of frontal cortex, a region in which we previously observed significant activation in brain fMRI studies of patients with both CUP \[[@B105-brainsci-03-01483]\] and BPAS \[[@B35-brainsci-03-01483],[@B104-brainsci-03-01483]\]. These studies suggest that while CNS changes in CUP may have a different locus from those in normal volunteers, Valsalva may alter the balance of CNS excitation/inhibition. While the multiple processes underlying this complex interaction were not addressed in any previous study it was hypothesized that frontal cortex would be a brain region that would be most sensitive to hypocapnia and changes in arterial pCO~2~ \[[@B261-brainsci-03-01483]\].

If this latter hypothesis were correct then sensitivity of a focal brain region in frontal cortex to hypocapnia and changes in pCO~2~ suggest another possible mechanism by which Valsalva could inhibit phantosmia and by which any physiological activity that would mimic hyperventilation could initiate it. It is well known that GABA activation or inhibition is very sensitive to focal changes in brain pH \[[@B262-brainsci-03-01483]\]. Thus, phantosmia inhibition by Valsalva may relate to partial breath holding associated with this maneuver with a subsequent transient focal brain CO~2~ accumulation with focal acidification of enough magnitude to initiate GABAergic activation. On the other hand, forced ventilation, strenuous physical activity, coughing or sneezing may initiate transient focal brain CO~2~ excretion of sufficient magnitude to initiate brain alkalization with subsequent diminution in GABAergic inhibitory function. Since CNS kindling has been considered to be a type of use or activity dependent CNS plasticity with inherent alterations at both single cells as well as CNS neuronal networks \[[@B263-brainsci-03-01483]\], this concept is consistent with our hypotheses related to pathogenesis of phantosmia induction and inhibition in CUP. Thus, we can speculate that there may be a specific focal brain area especially sensitive to CO~2~ and changes in GABA \[[@B264-brainsci-03-01483]\] in these patients such that a type of chemical kindling \[[@B265-brainsci-03-01483],[@B266-brainsci-03-01483],[@B267-brainsci-03-01483]\] trigger effect might take place. Perhaps olfactory bulbs, anterior frontal cortex and rhinencephalic networks, anatomical regions known to be most sensitive to early and late stage kindling effects \[[@B268-brainsci-03-01483],[@B269-brainsci-03-01483],[@B270-brainsci-03-01483],[@B271-brainsci-03-01483],[@B272-brainsci-03-01483],[@B273-brainsci-03-01483]\], might be logical regions for these effects to occur. Kindled seizures have been shown to be both hormonally \[[@B274-brainsci-03-01483],[@B275-brainsci-03-01483],[@B276-brainsci-03-01483]\] as well as possibly CO~2~ \[[@B277-brainsci-03-01483],[@B278-brainsci-03-01483],[@B279-brainsci-03-01483],[@B280-brainsci-03-01483],[@B281-brainsci-03-01483]\] dependent and it is well known that there is a loss or reduction in GABAergic inhibition in epileptic tissue \[[@B282-brainsci-03-01483]\] associated with disinhibition leading to hyperexcitability and generation of epileptiform bursting. Chemical kindling describes a progressive and persistent change in focal brain sensitivity, which may be initially sub-threshold for evoking an electrical or epileptic discharge, but which we speculate may eventually evoke full-blown phantosmia. A decrease in CO~2~ in this region could initiate a trigger related focal alkalization, decrease in GABAergic inhibitory activity and subsequent onset of phantosmia; a focal increase in CO~2~ could initiate a focal acidification, activation of GABAergic inhibitory activity and subsequent inhibition of phantosmia. Thus, any maneuver that would increase CNS pCO~2~ would be associated with phantosmia inhibition and any maneuver associated with decreased CNS pCO~2~ would be associated with phantosmia activation. Indeed, raised tissue concentrations of CO~2~ have been hypothesized to be protective in CNS whereas lowered concentrations have been considered injurious \[[@B282-brainsci-03-01483]\]. In this sense, the disease process in these patients could take the form of a focal brain abnormality in chemosensation such that a focal brain area exceedingly sensitive to changes in pCO~2~ and pH could trigger either GABAergic inhibition or activation with subsequent onset or offset, respectively, of a chemically induced phantosmia and/or phantageusia. This hypothesis is supported by results of CO~2~ inhalation studies in which seven of the 10 patients treated with CO~2~ inhalation reported phantosmia inhibition with a subsequent inability to initiate phantosmia by those maneuvers, which prior to CO~2~ inhalation uniformly initiated phantosmia. We suggest that this focal CNS area lies within the region of anterior frontal and/or temporal cortex \[[@B35-brainsci-03-01483],[@B104-brainsci-03-01483]\], the CNS region found activated during patient activation of phantosmia.

### 4.1.2. CO~2~ Effects

Increased CO~2~ concentrations (hypercarbia) initiate triphasic CNS effects \[[@B283-brainsci-03-01483],[@B284-brainsci-03-01483]\]. Relatively low CO~2~ levels (5%--10%) induced depression in CNS excitability as measured by increased electroshock thresholds, protection against convulsions or seizures induced by electroshock or chemical agents \[[@B284-brainsci-03-01483]\] and fast, low voltage EEG waves \[[@B284-brainsci-03-01483]\]. As CO~2~ concentrations increased to 30%--35% of inspired air, increased CNS excitability was observed with experimental animals and humans exhibiting minimal type-missing seizures \[[@B285-brainsci-03-01483]\] and slow, high voltage EEG activation \[[@B284-brainsci-03-01483],[@B286-brainsci-03-01483],[@B287-brainsci-03-01483]\]. If CO~2~ concentrations were increased still further, to greater than 40% of inspired air, narcosis and anesthesia occurred \[[@B288-brainsci-03-01483],[@B289-brainsci-03-01483],[@B290-brainsci-03-01483]\], whereas if high concentrations of CO~2~ were rapidly withdrawn, associated with a rapid decrease in blood CO~2~, clonic type seizures occurred \[[@B291-brainsci-03-01483],[@B292-brainsci-03-01483]\]. CO~2~ is rapidly transported into CNS and cerebral spinal fluid (CSF) with a time constant of 2.7 min \[[@B293-brainsci-03-01483]\] with an active transport of H^+^ out of cells and consumption of organic acids \[[@B294-brainsci-03-01483]\]. Although acute CO~2~ effects in CNS are difficult to measure, transmembrane fluxes of HCO3^-^ and H^+^ active transport were measureable in 45 min and return of cell pH to normal can take as long as 48 h \[[@B295-brainsci-03-01483]\]. Permissive hypercapnia in which CO~2~ concentrations were increased was associated with protection from organ injury in patients with a variety of pulmonary disorders \[[@B282-brainsci-03-01483]\].

Exposure to 35% CO~2~ induced panic attacks \[[@B296-brainsci-03-01483]\] whereas CO~2~ exposure inhibited phantosmia in CUP. Indeed, CO~2~ challenge was considered the most informative challenge to induce panic disorder \[[@B297-brainsci-03-01483]\] because the prominent respiratory symptom in panic could be linked to a measureable abnormality (increased ventilatory responsiveness with a known physiological basis \[[@B298-brainsci-03-01483]\]). While glutamate release has not been generally observed during acute seizure induction in experimental animals, in chronic epilepsy models of several types, including those with spontaneous recurrent seizures after amygdala kindling \[[@B299-brainsci-03-01483]\], there has been a consistent marked increase in glutamate release during seizures \[[@B295-brainsci-03-01483]\]. While other maneuvers, which initiated phantosmia in CUP, may be less obviously related to hyperventilation they appear to activate similar mechanisms, which involve changes in blood and CNS pH with subsequent decreased CNS GABA and onset of an imbalance between excitation and inhibition such that excitation is emphasized, and phantosmia appears.

Breath holding, the opposite effect in terms of control of hyperventilation, resulted in increased end-tidal CO~2~, inhibited seizure frequency and severity in patients with severe chronic hyperventilation and seizures which were refractory to therapeutic levels of anticonvulsants \[[@B300-brainsci-03-01483]\]. After breath holding, signal intensity observed in human CNS during fMRI increased 3%--10% \[[@B301-brainsci-03-01483],[@B302-brainsci-03-01483],[@B303-brainsci-03-01483],[@B304-brainsci-03-01483]\]. It has also been suggested that evolutionary changes were developed to set a particular level of focal synaptic ratio of CNS excitation; inhibition based upon metabolic protection of hypoxia and hypoglycemia and dependent upon synthesis of GABA from glutamate (dependent upon input from acetyl CoA and citrate from the Krebs cycle (through GAD)) and degradation of GABA (by GABA transaminase to succinic semialdahyde to succinate and back into the Krebs cycle \[[@B305-brainsci-03-01483]\]). This so called 'GABA shunt' is highly sensitive to changes in pCO~2~ and pH with increased pCO~2~ and decreased pH resulting in a shift in this reaction toward glutamate with increased brain excitability and with decreased pCO~2~ and increased pH resulting in a shift in the reactivity toward increased GABA with decreased brain excitability.

### 4.1.3. Hyperventilation Effects

It has long been recognized that hyperventilation (hypocarbia) giving rise to hypocapnia precipitated seizures in epileptic patients \[[@B295-brainsci-03-01483],[@B299-brainsci-03-01483],[@B306-brainsci-03-01483],[@B307-brainsci-03-01483],[@B308-brainsci-03-01483]\], induced abnormal EEGs in both epileptic and some normal subjects (increased high voltage, slow waves \[[@B308-brainsci-03-01483],[@B309-brainsci-03-01483],[@B310-brainsci-03-01483]\]), independent of inspired O~2~ concentration \[[@B311-brainsci-03-01483]\] due to cerebral hypoxia \[[@B312-brainsci-03-01483],[@B313-brainsci-03-01483],[@B314-brainsci-03-01483]\] and/or cerebral vasoconstriction \[[@B312-brainsci-03-01483]\], induced decreased blood CO~2~ \[[@B283-brainsci-03-01483],[@B310-brainsci-03-01483],[@B315-brainsci-03-01483]\], cerebral arterial blood CO~2~ tension ((PaCO~2~) \[[@B316-brainsci-03-01483]\]) and brain pCO~2~ \[[@B316-brainsci-03-01483]\]. Indeed, hyperventilation is a well-known standard challenge in electroencephalography to induce CNS hyperactivity. Thus, there are intimate correlations among respiration, brain waves and seizure activity dependent upon changes in cerebral vascular tone, blood flow and cerebral arterial pCO~2~. Two deep breaths will reduce arterial CO~2~ significantly \[[@B285-brainsci-03-01483]\] and further hyperventilation will result in respiratory alkalosis \[[@B285-brainsci-03-01483]\]. Doppler ultrasound indicated mean flow velocity in middle and posterior cerebral arteries decreased by up to 50% after four min of hyperventilation \[[@B317-brainsci-03-01483]\]; it also led to marked surface negative DC shift, perhaps due to depolarization of apical dendritic trees of cortical pyramidal cells \[[@B318-brainsci-03-01483],[@B319-brainsci-03-01483]\] which increased excitability of cortical neuronal networks and may explain the resultant potential epileptogenicity \[[@B285-brainsci-03-01483]\]. Hyperventilation eliminates CNS lactate rapidly \[[@B285-brainsci-03-01483],[@B320-brainsci-03-01483]\] which may be reflected in increased GAD concentration and decreased GABA. Hyperventilation strongly reduced global CNS magnetic resonance signal intensity \[[@B321-brainsci-03-01483],[@B322-brainsci-03-01483]\] reflecting increased oxygen extraction due to cerebral vasoconstriction and decreased cerebral blood flow \[[@B323-brainsci-03-01483]\]. This maneuver is also consistent with induction of several neurotransmitters including glutamate, *N*-methyl-[d]{.smallcaps}-aspartate (NMDA), α-amino-3-hydroxy-5-methyl-isoxazole-4-propriovic acid (AMPA) which have been implicated in initiation of seizure or seizure-like activity \[[@B315-brainsci-03-01483]\]. The hypocapnia due to hyperventilation not only reduced cerebral blood flow and volume but also induced decreased signal response during functional imaging of the visual cortex with BOLD-contrast MRI \[[@B323-brainsci-03-01483]\]. By reducing cerebral blood flow the associated increased alkalosis shifts the oxyhemoglobin dissociation curve to the left further limiting oxygen delivery to the CNS \[[@B285-brainsci-03-01483]\] and further impairing oxidative metabolism \[[@B322-brainsci-03-01483],[@B323-brainsci-03-01483]\].

Cerebral hypoxia, linked to hyperventilation, has been considered etiologic in epilepsy \[[@B324-brainsci-03-01483],[@B325-brainsci-03-01483]\] and seizure induction \[[@B285-brainsci-03-01483]\], associated with shift in the oxygen dissociation curve (Bohr effect \[[@B326-brainsci-03-01483],[@B327-brainsci-03-01483],[@B328-brainsci-03-01483]\]). These results suggest that acid-base balance in epileptics is crucial to control of seizure thresholds and that successful strategies for seizure control need to consider physiological consequences of respiratory alkalosis \[[@B329-brainsci-03-01483]\] as manifested by activities such as hyperventilation. Indeed, patients with so-called "idiopathic seizures" have been considered different from normal subjects due to intolerance to deviation from critical limits of cerebral PaCO~2~ \[[@B329-brainsci-03-01483]\]. This concept has led some investigators to believe that self-control of end-tidal CO~2~ through respiratory training could control intractable "idiopathic seizures" \[[@B329-brainsci-03-01483]\].

However, there is confusion about relationships among hyperventilation, panic attacks and epilepsy \[[@B285-brainsci-03-01483]\]. Indeed, confusion can also occur with respect to what has been called chronic hyperventilation syndrome \[[@B330-brainsci-03-01483]\], panic disorder \[[@B331-brainsci-03-01483],[@B332-brainsci-03-01483]\], hyperventilation induced seizures \[[@B333-brainsci-03-01483]\], phobic anxiety depersonalization syndrome \[[@B293-brainsci-03-01483]\] and Rett's syndrome \[[@B334-brainsci-03-01483]\]. Hyperventilation induced seizures, albeit rarely tonic-clonic or partial \[[@B333-brainsci-03-01483]\], has been the subject of many case reports \[[@B300-brainsci-03-01483],[@B329-brainsci-03-01483],[@B335-brainsci-03-01483]\]. Many of these involved adults or children with mental retardation with what were commonly characterized as absence or atypical absence attacks. Physical exercise \[[@B284-brainsci-03-01483],[@B336-brainsci-03-01483]\] but not hyperventilation \[[@B285-brainsci-03-01483]\] has been shown to induce seizure activity in some patients. Mechanisms underlying these events are unclear but none had hallucinatory activity related to seizure induction \[[@B285-brainsci-03-01483]\].

### 4.1.4. O~2~ Effects

For O~2~, seizures were induced at both abnormally high (hyperoxia) or abnormally low (hypoxia) levels. Hypoxia induced convulsions were first reported in birds, mice and cat, relatively sensitive species, by Boyle in 1660 \[[@B337-brainsci-03-01483]\], as have many more recent investigators \[[@B338-brainsci-03-01483],[@B339-brainsci-03-01483],[@B340-brainsci-03-01483]\] including studies in humans \[[@B341-brainsci-03-01483]\]. Recovery from an hypoxic episode in animals was associated with nervous system excitation \[[@B338-brainsci-03-01483],[@B339-brainsci-03-01483],[@B342-brainsci-03-01483]\]. While hypoxia can induce seizures under less dramatic conditions \[[@B343-brainsci-03-01483]\] hypoxia induced striking increases in brain GABA \[[@B344-brainsci-03-01483],[@B345-brainsci-03-01483]\]. Bert first noted animals breathing oxygen at high pressure to initiate seizure activity in 1879 \[[@B346-brainsci-03-01483]\] and subsequently studied by many others \[[@B347-brainsci-03-01483],[@B348-brainsci-03-01483]\]. These effects are dependent upon many factors including exposure to O~2~ under increased pressure \[[@B349-brainsci-03-01483]\], decreased CO~2~ \[[@B350-brainsci-03-01483]\], species susceptibility \[[@B343-brainsci-03-01483]\], male gender, since females are more sensitive than males \[[@B351-brainsci-03-01483]\] and nutritional status, since fasting induces decreased susceptibility \[[@B343-brainsci-03-01483]\]. Under these conditions of increased O~2~ exposure, GAD is very readily oxidized and inhibited *in vivo* resulting in decreased CNS GABA \[[@B343-brainsci-03-01483]\]. The correlation between susceptibility to seizures and decreased CNS GABA is well known \[[@B237-brainsci-03-01483],[@B341-brainsci-03-01483]\]; brain GABA levels increase in epileptics treated with GABAergic drugs \[[@B352-brainsci-03-01483],[@B353-brainsci-03-01483]\].

### 4.1.5. Sleep Effects

Sleep usually inhibited phantosmia in CUP if "deep enough sleep" were obtained whereas no effect in BPAS was reported. This suggests the hypothesis that slow wave, REM sleep or both inhibited phantosmia in CUP. While clinical history does not allow a definitive answer the fact that "deep sleep" was required for this inhibition to occur and that its effectiveness was greatest if a nap were taken in the afternoon not in the morning suggests that slow wave not REM sleep was the mechanism through which this inhibition occurred, consistent with the well-known effect of latency to slow wave sleep longer in the morning than in the afternoon or early evening hours \[[@B354-brainsci-03-01483]\]. However, data in animals and in humans relate to roles that each of these sleep stages may play in this inhibitory process. REM sleep was initiated by administration of cholinergic agonists into pons \[[@B355-brainsci-03-01483],[@B356-brainsci-03-01483]\]. Sleep related seizures in partial epilepsy occurred more than 20 times as frequently in non-REM (NREM) as opposed to REM sleep \[[@B357-brainsci-03-01483]\] and interictal epileptiform discharges in patients with epilepsy are more common in NREM than in REM sleep \[[@B358-brainsci-03-01483]\]. These results suggest that REM sleep may be considered neuroprotective and supports a role it may play in inhibiting phantosmia in these patients. On the other hand, sleep spindle activity has been associated with GABA release from thalamic reticular neurons and excitatory actions of thalamocortical (or relay) neurons which project to cerebral cortex and then project back to relay cells and inhibit them initiating a recurrent inhibitory circuit \[[@B359-brainsci-03-01483],[@B360-brainsci-03-01483]\]. Thalamic perfusion of GABA in cats induced increased slow wave and paradoxical sleep as well as long lasting inhibition of somatosensory event-related potentials \[[@B361-brainsci-03-01483]\]. These results suggest slow wave sleep, through endogenous action of GABA release, may inhibit phantosmia in CUP. Clinically, as patients with CUP either aged or experienced phantosmia for a longer time period, sleep became less effective in inhibiting phantosmia consistent with the well-known phenomenon that time spent in slow wave sleep decreases with age \[[@B362-brainsci-03-01483]\].

### 4.1.6. Hormonal Effects

Hormonal factors may influence CUP more than BPAS since significantly more women than men (3:1, women:men) had CUP than had BPAS (\~1:1). Phantosmia was initiated in CUP in two women during pregnancy or immediately postpartum suggesting a role for estrogen, progesterone and/or prolactin. In at least 72% of women suffering from catamenial epilepsy, menses exacerbated seizures related, in part, to withdrawal of allopregnanolone, a progesterone metabolite, which acts as an endogenous anticonvulsant neurocorticosteroid that modulates GABA~A~ receptors \[[@B363-brainsci-03-01483],[@B364-brainsci-03-01483],[@B365-brainsci-03-01483],[@B366-brainsci-03-01483],[@B367-brainsci-03-01483]\]. The putative effect of estrogen or lack thereof on phantosmia generation may also relate to the well-known interrelationship between this hormone and brain GABA and/or GABA~A~ receptors. Estrogen specific effects on neuronal survival, differentiation and neurite extension suggested that this hormone modulates neurotransmitter and neuropeptide expression as well as tissue specific alterations in neural cell structure \[[@B368-brainsci-03-01483]\]. Estrogen has also been shown to bind specifically to preoptic GABAergic neurons \[[@B369-brainsci-03-01483]\] and to inhibit synthesis of GAD thereby decreasing local GABA concentration \[[@B370-brainsci-03-01483]\], Estrogen also acts to release neuronal epinephrine and nonepinepherine \[[@B371-brainsci-03-01483],[@B372-brainsci-03-01483]\] although GABA may suppress CNS norepinephrine release \[[@B371-brainsci-03-01483]\]. Pregnenolone modulates GABA and GABA~A~ receptor function thereby influencing GABA activity \[[@B373-brainsci-03-01483],[@B374-brainsci-03-01483],[@B375-brainsci-03-01483],[@B376-brainsci-03-01483]\]. Conversely, there are powerful and complex feedback mechanisms whereby GABA acts as an inhibitory neurotransmitter restricting LHRH release \[[@B377-brainsci-03-01483]\] thereby inhibiting pituitary LH secretion and inhibiting gonadal estrogen \[[@B378-brainsci-03-01483]\]. Ovariectomized rats have been shown to exemplify this feedback mechanism \[[@B379-brainsci-03-01483]\] as have pubertal and prepubertal primates \[[@B380-brainsci-03-01483]\]. Estrogen is also known to play a role in neuronal plasticity \[[@B381-brainsci-03-01483],[@B382-brainsci-03-01483],[@B383-brainsci-03-01483]\] in part through neuronal sprouting \[[@B384-brainsci-03-01483],[@B385-brainsci-03-01483]\].

Women have a higher hemispheric cerebral blood flow than men \[[@B386-brainsci-03-01483],[@B387-brainsci-03-01483]\] reflected in a 3%--5% higher blood flow velocity in the middle cerebral artery \[[@B388-brainsci-03-01483]\]. Since blood flow velocity is dependent upon pCO~2~, gender differences in pCO~2~ indicate differences in blood flow velocity as measured by transcranial Doppler sonography \[[@B389-brainsci-03-01483]\]. Studies by Kastrup *et al*. demonstrate not only that women have a significantly higher cerebrovascular CO~2~ reactivity than men \[[@B389-brainsci-03-01483]\] but also that this difference disappears as women enter menopause and reappears upon treatment with hormone replacement therapy \[[@B390-brainsci-03-01483]\], presumably estrogenic compounds, and presumably based upon estrogenic effects, enhancing cerebrovascular reactivity.

These results suggest young women, who comprise the major subject group of CUP, may be particularly susceptible to these effects. However, studies in rat indicate GABAergic neuronal activity is greater in males than in females \[[@B391-brainsci-03-01483],[@B392-brainsci-03-01483]\] although studies in sheep demonstrate that estrogen reactive cells colocalize with GABA \[[@B393-brainsci-03-01483]\]. Gender differences in CNS turnover of GABA have also been clearly demonstrated \[[@B394-brainsci-03-01483],[@B395-brainsci-03-01483],[@B396-brainsci-03-01483],[@B397-brainsci-03-01483]\]. It is well known that estrogen administration to ovariectomized rats has proconvulsant effects \[[@B398-brainsci-03-01483]\], that increased seizure frequency occurs in follicular phase of menstrual cycle when estrogen concentration has peaked \[[@B399-brainsci-03-01483]\] and that seizures were exacerbated in women given estrogen premenstrually to treat catamenial epilepsy \[[@B400-brainsci-03-01483]\]. GABAergic neurons are present in olfactory bulbs and in hypothalamus in both embryonic \[[@B401-brainsci-03-01483]\] and adult \[[@B402-brainsci-03-01483]\] animals and appear to play a role in hormonal regulation \[[@B403-brainsci-03-01483]\]. GABA has been localized to interneurons in the granular cell layer of olfactory bulb and appears to play a role in olfactory transmission \[[@B404-brainsci-03-01483],[@B405-brainsci-03-01483]\]. GABA~A~ and GABA~B~ receptors have also been shown to be present in olfactory bulb \[[@B406-brainsci-03-01483]\]. These findings suggest that women might be expected to have lower baseline brain GABA levels, which might make them more susceptible to focal pCO~2~ changes than men. If they had relatively lower endogenous levels of brain GABA, coupled with focal brain pCO~2~ changes associated with hyperventilation, cough, forced expiration, *etc*., might initiate a type of chemical kindling which might make them more susceptible to activation of phantosmia than men. Indeed, all women in CUP were premenopausal whereas the majority of women with BPAS were postmenopausal.

### 4.1.7. THC Effects

Recreational use of THC in one woman uniformly inhibiting phantosmia in CUP is consistent with the general hypothesis that GABA stimulation extinguishes phantosmia albeit there are several caveats to this effect. THC is mediated primarily through cannabinoid receptors which involve two types of G-protein-coupled cannabinoid receptors named CB~1~ and CB~2~ which have been identified and cloned \[[@B407-brainsci-03-01483]\]. Research data also suggest the presence of a third uncloned cannabinoid receptor \[[@B407-brainsci-03-01483]\]. Cannabinoids act at prejunctional CB~1~ receptors to inhibit sympathetic neurotransmission \[[@B408-brainsci-03-01483]\]. THC acts through presynaptic CB~1~ receptors which may reduce GABA~A~ but not GABA~B~ mediated inhibition of CA~1~ pyramidal neurons by inhibiting voltage dependent calcium channels located in inhibitory nerve terminals \[[@B409-brainsci-03-01483]\] including hippocampal neurons \[[@B410-brainsci-03-01483],[@B411-brainsci-03-01483]\]. THC also reduced glutamate release through the action of G-protein mediated inhibition of these calcium channels which are responsible for neurotransmitter release from hippocampal neurons \[[@B410-brainsci-03-01483]\]. While THC has a single saturable, reversible binding site \[[@B412-brainsci-03-01483]\] to a specifically identified CNS receptor of the GTP class \[[@B413-brainsci-03-01483],[@B414-brainsci-03-01483]\] several neurotransmitters, including GABA, play roles in its neuropharmacology. Several cannabinoid-related agents exert anticonvulsant activity \[[@B415-brainsci-03-01483]\] and THC has been reported to inhibit acetylcholine turnover in hippocampus by increasing activity of septal GABAergic activity \[[@B416-brainsci-03-01483]\]. In animal studies THC-like agents protect mice against 3-mercaptopropriovic acid-induced convulsions, an action specific for GABAergic agents \[[@B417-brainsci-03-01483]\], stereospecifically blocked isoniasid-induced levels of cGMP \[[@B417-brainsci-03-01483]\] and similar to other GABAergic drugs, activated dopaminergic and benzodiazapine systems \[[@B418-brainsci-03-01483]\]. THC-like agents exhibit several pharmacological effects similar to GABA \[[@B418-brainsci-03-01483]\] including increasing attenuation of dopamine turnover after haloperidol \[[@B419-brainsci-03-01483]\] and stereospecifically increased *in vivo* 3H-flunitrazepan binding to benzodiazepine receptors from mouse brain \[[@B417-brainsci-03-01483]\]. Consistent with this latter observation levo-, but not dextro-mantradol enhanced potency and efficacy of diazepam blockade of pentylenetetrazol induced seizures \[[@B417-brainsci-03-01483]\]. Chronic injections of THC increase GABA content of rat brain \[[@B420-brainsci-03-01483]\] and THC itself has been reported to have unique anticonvulsant properties \[[@B421-brainsci-03-01483]\]. Cannabinoids, albeit variably, inhibit neurotransmission \[[@B422-brainsci-03-01483]\] and have been reported to augment GABA effects \[[@B423-brainsci-03-01483]\]. One mM Δ^9^ THC was reported to induce a consistent and significant increase in amplitude of grease-gap recordings of rat hippocampal slices in response to GABA \[[@B196-brainsci-03-01483]\] and other investigators suggested that THC interacts with GABA to mediate synaptic transmission \[[@B424-brainsci-03-01483]\]. Behavioral studies show that Δ^9^ THC and drugs which stimulate or facilitate GABAergic transmission exhibit a marked synergy in abolishing righting reflexes in mice \[[@B425-brainsci-03-01483]\] and in producing catalepsy in mice and rats \[[@B425-brainsci-03-01483],[@B426-brainsci-03-01483]\]. Mechanism(s) underlying these various effects are unclear \[[@B417-brainsci-03-01483]\]. However, on the other hand, THC has been reported to have both convulsant as well as anticonvulsant properties \[[@B421-brainsci-03-01483]\]. It can diminish effects of GABA \[[@B422-brainsci-03-01483],[@B427-brainsci-03-01483]\], enhance focal epileptic potentials and seizure activity \[[@B428-brainsci-03-01483]\] and can inhibit uptake of GABA in hippocampus \[[@B196-brainsci-03-01483]\]. These results suggest that THC exhibits multiple effects on CNS GABA that may act through some common mechanism (s) such as influencing CNS Ca^2+^ uptake or reflex \[[@B417-brainsci-03-01483]\] alterations in activation of chloride channel proteins \[[@B429-brainsci-03-01483]\] or other mechanisms \[[@B430-brainsci-03-01483],[@B431-brainsci-03-01483]\]. THC can also activate capsaicin-sensitive sensory nerves via the CB~1~ and CB~2~ receptor pathways suggesting other inhibitory pathways \[[@B432-brainsci-03-01483]\].

4.2. Pathophysiological, Peripheral and CNS Components of BPAS
--------------------------------------------------------------

In BPAS loss of sensory input (*i.e.*, hyposmia), as the initiating cause of phantosmia, is consistent with deafferentation hypersensitivity, similar to effects observed in phantom limb syndrome \[[@B433-brainsci-03-01483],[@B434-brainsci-03-01483],[@B435-brainsci-03-01483]\]. This effect may also be both rapid \[[@B213-brainsci-03-01483],[@B216-brainsci-03-01483]\] or slow \[[@B218-brainsci-03-01483],[@B219-brainsci-03-01483]\] associated with changes in GABAergic and GAD activity. These responses follow loss of a significant sensory input such that there are significant functional CNS changes including cortical enlargement, \[[@B434-brainsci-03-01483],[@B435-brainsci-03-01483],[@B436-brainsci-03-01483]\] rerouting and remapping of the usual cortical representation of the affected areas to specific brain areas \[[@B435-brainsci-03-01483],[@B437-brainsci-03-01483],[@B438-brainsci-03-01483]\] related to neuronal plasticity. These changes have been visualized by others studying deafferentation hypersensitivity related to various clinical syndromes using fMRI \[[@B439-brainsci-03-01483],[@B440-brainsci-03-01483]\], magnetoencephalography \[[@B441-brainsci-03-01483]\] and PET \[[@B434-brainsci-03-01483]\] and in our own studies in BPAS using fMRI \[[@B35-brainsci-03-01483]\].

4.3. Common Clinical CNS Components in Both CUP and BPAS
--------------------------------------------------------

Both CUP and BPAS exhibited EEG abnormalities although CUP exhibited significantly more frequent and specific EEG changes than did BPAS, despite the fact that 45% of patients with BPAS had symptoms secondary to a head injury. In CUP, EEG changes, if considered separately, could be and were considered clinically consistent with a temporal lobe seizure disorder. Indeed, 60% of CUP patients were initially considered to exhibit some form of epilepsy and were treated with anticonvulsants although none experienced phantosmia diminution with this therapy \[[@B104-brainsci-03-01483]\]. In our initial description of this disorder \[[@B155-brainsci-03-01483]\] we also considered CUP a partial seizure disorder with simple psychosensory symptomatology since patients exhibited what were considered auras commonly associated with temporal lobe EEG abnormalities. However, the lack of clinical motor activity cast doubt about this diagnosis even at this initial stage of our studies. Our further investigations allowed a more definitive description of this disorder and its possible mechanism \[[@B104-brainsci-03-01483]\].

In BPAS, while a peripheral component of phantosmia may be present, it may be less immediately apparent than in CUP. While binasal cocaine installation inhibited phantosmia in BPAS, as observed by others \[[@B442-brainsci-03-01483],[@B443-brainsci-03-01483]\], this inhibition was only temporary. In CUP there was usually a post anesthesia inhibitory period along with the production of hyposmia. These results may relate to activation of GABAergic pathways after cocaine installation \[[@B222-brainsci-03-01483],[@B224-brainsci-03-01483]\] but the issue of initial deafferentation hypersensitivity and decreased GABAergic activity prior to its use must be considered. rTMS was effective in inhibiting phantosmia in both CUP or BPAS consistent with inhibition of deafferentation hypersensitivity presumably by inducing increased CNS GABA \[[@B165-brainsci-03-01483],[@B166-brainsci-03-01483]\].

4.4. Other Neurotransmitter Effects on CNS in CUP and BPAS
----------------------------------------------------------

Several other neurotransmitters may also be involved in complex processes that initiate phantosmia in CUP (and also in BPAS) including relationships between both excitatory and inhibitory neurotransmitter systems related to various aspects of their synthesis, utilization or interaction with specific receptors. Hallucinations, usually visual or auditory, have been reported in Parkinson's disease \[[@B444-brainsci-03-01483]\] due in part to CNS deficits in cholinergic \[[@B445-brainsci-03-01483],[@B446-brainsci-03-01483],[@B447-brainsci-03-01483]\] or dopaminergic \[[@B448-brainsci-03-01483],[@B449-brainsci-03-01483]\] function. Drugs have induced hallucinations due to increased glutaminergic activity \[[@B450-brainsci-03-01483]\] or decreased GABAergic function \[[@B199-brainsci-03-01483]\]. Phenobarbital, which increases CNS GABAergic activity \[[@B451-brainsci-03-01483],[@B452-brainsci-03-01483],[@B453-brainsci-03-01483]\], inhibited phantosmia in one patient with CUP. Indeed, both thioridazine and haloperidol, neuroleptics that enhance GABAergic CNS activity \[[@B198-brainsci-03-01483],[@B199-brainsci-03-01483],[@B454-brainsci-03-01483],[@B455-brainsci-03-01483]\] inhibited phantosmia in both CUP \[[@B104-brainsci-03-01483]\] and BPAS \[[@B35-brainsci-03-01483]\].

4.5. Behavioral and Sensory Effects in CUP and BPAS
---------------------------------------------------

Both seizure inhibition and activation by behavioral and sensory activities have been shown in patients with known seizure activity \[[@B456-brainsci-03-01483]\]. For seizure inhibition these activities have been classified as primary (direct seizure inhibition by an act of will) or secondary \[by a behavior or mind action which interferes with seizure generation but was not intended to do so \[[@B456-brainsci-03-01483]\]\]. Whereas 10% of patients with complex partial seizures were able to reduce their seizure frequency by behavioral means \[[@B457-brainsci-03-01483]\] patients with simple partial seizures were reportedly not able to do so \[[@B456-brainsci-03-01483]\]. Olfactory stimuli inhibited seizure activity \[[@B458-brainsci-03-01483]\] as has operant conditioning \[[@B459-brainsci-03-01483]\], behavior modification \[[@B460-brainsci-03-01483],[@B461-brainsci-03-01483],[@B462-brainsci-03-01483]\], relaxation programs \[[@B463-brainsci-03-01483]\] and other similar activities \[[@B456-brainsci-03-01483]\]. Historically, it is well known that focal epileptic seizures can be aborted by powerful sensory stimuli such as application of a tight ligature to a finger, vigorous massage of hand and foot muscles, forcibly resisting the first tonic seizure spasm, plunging a whole extremity into ice water or extremity pin pricking \[[@B464-brainsci-03-01483]\], related to activation of a widespread suppressor system of nociceptive impulses \[[@B465-brainsci-03-01483],[@B466-brainsci-03-01483]\]. Gowers in 1885 wrote that seizures could be arrested by taste stimuli such as chewing ginger or swallowing table salt or olfactory stimuli such as smelling ammonia or amyl nitrite \[[@B17-brainsci-03-01483]\]. Efron's studies suggest that olfactory stimuli that inhibited uncinate seizures were independent of psychological suggestion and related to activation of a localized inhibitory system \[[@B458-brainsci-03-01483]\].

On the other hand clinical experience suggests that there can be a close interrelationship between what may be considered "atypical behavior" and what some clinicians might consider seizure activity \[[@B467-brainsci-03-01483],[@B468-brainsci-03-01483],[@B469-brainsci-03-01483],[@B470-brainsci-03-01483]\] such that sensory and other activities might activate seizure activity. Many adolescents reported auditory hallucinations without any psychotic ideation \[[@B471-brainsci-03-01483]\]. So-called psychogenic pseudoseizures have been reported in non-epileptic patients precipitated by suggestion or environmental stress but none had EEG changes either before or after these "attacks" \[[@B472-brainsci-03-01483]\]. As many as 20% of epileptics have been reported to have nonepileptic or "pseudoepileptic" episodes simulating status epilepticus \[[@B473-brainsci-03-01483]\]. Reflex seizures \[[@B474-brainsci-03-01483],[@B475-brainsci-03-01483],[@B476-brainsci-03-01483]\], sensory precipitation epilepsy \[[@B476-brainsci-03-01483]\] and stimulus-sensitive epilepsy precipitated by light \[[@B477-brainsci-03-01483],[@B478-brainsci-03-01483]\], vestibular stimuli \[[@B479-brainsci-03-01483],[@B480-brainsci-03-01483]\], music \[[@B481-brainsci-03-01483]\] tastes \[[@B482-brainsci-03-01483]\], propriociption \[[@B483-brainsci-03-01483]\], somatosensory stimulation \[[@B484-brainsci-03-01483]\], eating \[[@B482-brainsci-03-01483],[@B485-brainsci-03-01483],[@B486-brainsci-03-01483]\], startle and/or arousal \[[@B459-brainsci-03-01483],[@B487-brainsci-03-01483]\], integration of higher cerebral functioning or thinking, reading and decision making \[[@B488-brainsci-03-01483],[@B489-brainsci-03-01483]\] have been reported. Seizures of these various types have been related to an imbalance between GABAergic and dopaminergic neurotransmission \[[@B476-brainsci-03-01483]\] and initiated in animals following strychnization of sensory cortex, including olfactory cortex \[[@B490-brainsci-03-01483]\]. Seizures of this type have been reported evoked or self induced in as many as 30% of patients with so-called photoparoxysmal responses \[[@B491-brainsci-03-01483]\], have been estimated to occur in 5% of people with epilepsy \[[@B461-brainsci-03-01483]\], have been considered genetically determined \[[@B492-brainsci-03-01483]\] and occurred more commonly in young women than in men \[[@B492-brainsci-03-01483]\]. Psychogenic \[[@B493-brainsci-03-01483]\] or pseudoseizures \[\[[@B494-brainsci-03-01483],[@B495-brainsci-03-01483],[@B496-brainsci-03-01483]\] (hysterical or nonepileptic seizures)\] have been provoked by some psychic event \[[@B469-brainsci-03-01483],[@B493-brainsci-03-01483]\], can be deliberately precipitated, have been estimated to occur in five to 40% of outpatients with epilepsy evaluated at epilepsy centers \[[@B469-brainsci-03-01483],[@B497-brainsci-03-01483]\], again most commonly observed in young women \[[@B493-brainsci-03-01483]\] and have been related, particularly in animals, to activation in a single, focal brain area \[[@B490-brainsci-03-01483]\]. Some investigators considered epilepsy rare in patients with psychogenic seizures \[[@B498-brainsci-03-01483]\] whereas others found nonepileptic seizures and epilepsy, per se, to co-occur in 12%--42% of patients \[[@B499-brainsci-03-01483]\] making these discriminations difficult.

Although seizure activity of the type described above is diffuse and difficult to specify none of these patients reported hallucinatory activity of the type observed in either CUP or BPAS. However, the symptomatology of these latter two syndromes may itself cause clinical confusion due to their protean character. At initial presentation it might be understandable that patients with CUP were considered to manifest a seizure disorder. However, while various types of seizures and mechanisms for their initiation and inhibition may be relatively common and difficult to classify, patients with epileptic seizures can be readily distinguishable from those with either CUP or BPAS by careful history. Thus, in both CUP and BPAS, there is a much longer duration of each sensory event which has a pattern of persistent intermittancy, a sudden onset of symptoms as opposed to the gradual onset of ictus, a lack of any overt autonomous activity as opposed to wild movements, intermittent jerking and myoclonic activity in the other disorders, a fixed, stereotypic phantosmia as opposed to non-fixed stimulus evoking and fluctuating clinical features in the other disorders, no type of post-ictal symptomatology which occur in each of these other disorders and in CUP, specific physiological not behavioral stimuli which initiate and/or inhibit phantosmia as opposed to the lack of these specific stimuli in either initiating or inhibiting activity in either BPAS or the other disorders.

Many of the patients with both CUP and BPAS expressed great personal distress associated with the presence of these hallucinations. Their presence, their intensity, their recurrent chronicity, the lack of understanding of the severity of their presence and the lack of effective treatment exacerbated their personal distress. Some patients likened their hallucinations to a recurrence or persistence of a chronic, recurrent nasal or oral pain without effective relief with which they had a great deal of difficulty in tolerating similar to the experience noted by others in relationship to the presence of chronic somatic pain \[[@B500-brainsci-03-01483]\].

4.6. Epistemology of Sensory Hallucinations
-------------------------------------------

Nomenclature related to sensory hallucinations has been historically diffuse and unclear (v.s.). Some investigators used the term 'pseudo-hallucination' to differentiate onset of unprovoked odors from "true hallucinations" \[[@B501-brainsci-03-01483],[@B502-brainsci-03-01483]\]. This terminology is vague and not only does it not accurately describe the sensory phenomena experienced in either CUP or BPAS but also does not account for demonstration of sensory specific brain fMRI activation associated and measured in each syndrome \[[@B35-brainsci-03-01483],[@B104-brainsci-03-01483]\]. A variety of other terms have been used to describe unusual, odd or peculiar "behavior" that may be and has been considered consistent with some type of seizure disorder. These terms include some associated with sensory behavior that could be considered an aura involving any number of sensory systems, including olfaction and taste \[[@B8-brainsci-03-01483],[@B93-brainsci-03-01483],[@B137-brainsci-03-01483],[@B503-brainsci-03-01483],[@B504-brainsci-03-01483]\]. We speculate that these behaviors may have a common origin. CUP and BPAS are manifestations of clinical and biochemical phenomena which at other times might have been considered odd or unusual behaviors but since they have specific neurological correlates they can be categorized specifically, whereas some of these other behaviors, without specific neurological correlates, were simply considered bizarre behaviors.

Attempts to systematize sensory hallucinations may assist to clarify mechanisms underlying phantosmia in CUP and BPAS. We have used the word phantosmia to refer to smell sensations induced in the absence of any known stimulus and the word phantageusia to refer to similar taste sensations. We classified phantosmia and phantageusia as primary or secondary \[[@B35-brainsci-03-01483]\], similar to terminology used in dystonia \[[@B505-brainsci-03-01483]\] or Parkinsonism \[[@B506-brainsci-03-01483]\]. Primary phantosmia or phantageusia was defined as an odor or taste occurring in absence of any apparent stimulus in the absence of any apparent clinical or disease process; secondary phantosmia or phantageusia was defined as an odor or taste occurring in the absence of any apparent stimulus associated with a clinical disease process \[[@B35-brainsci-03-01483]\]. Previously, the phantom, which we have classified as either primary or secondary phantosmia or phantageusia, was classified as an aura which may be considered a simple partial seizure \[[@B507-brainsci-03-01483],[@B508-brainsci-03-01483]\]. We consider these symptoms to be pathophysiological processes involving a trigger mechanism (be it chemical kindling or some other similar mechanism) and a process in which CNS is altered due to what we consider an alteration in the complex balance between glutaminergic or similar neurotransmitter related CNS excitation and GABAergic or similar type inhibition in a type of maladaptive plasticity \[[@B35-brainsci-03-01483]\]; for CUP we hypothesize this effect initiated as a type of receptor hypersensitivity with subsequent CNS plasticity \[as in dystonia \[[@B181-brainsci-03-01483],[@B184-brainsci-03-01483]\]\] and for BPAS we hypothesize this effect initiated as a type of deafferentiation hypersensitivity with subsequent CNS dysplasticity (as in phantom limb pain \[[@B433-brainsci-03-01483],[@B438-brainsci-03-01483],[@B441-brainsci-03-01483]\]). It is possible to consider the "secondary" phantosmia and phantageusia described by Jackson \[[@B6-brainsci-03-01483],[@B7-brainsci-03-01483],[@B8-brainsci-03-01483]\] and others \[[@B92-brainsci-03-01483]\] as another manifestation of chemical/electrical kindling set in motion by a tumor discharge or epileptic focus which can result in impaired consciousness, clonic movement or automotisms or which can itself, without a specific localizing epileptic focus, represent a manifestation of the seizure itself.

The observations we describe in both CUP and BPAS in which myoclonic activity does not occur relate to new, heretofore unrecognized applications of well-established and well known physiological principles dealing principally with changes in CNS plasticity and in CNS GABA.

5. Conclusions
==============

We describe two previously underrecognized syndromes, one with cyclic unirhinal phantosmia not directly associated with hyposmia labeled CUP and one with non-cyclic birhinal phantosmia directly associated with hyposmia labeled BPAS, but both without prior or subsequent myoclonic activity. Patients with CUP reflect an uncommon clinical syndrome whereas we suggest that patients with BPAS are relatively common although they are not recognized as such by the neurological or otorhinological communities. Studies of the mechanisms related to these disorders suggest that decreased CNS GABA activity in specific brain regions is associated with phantosmia in CUP whereas changes in CNS plasticity consistent with changes observed in phantom limb sensations are associated with phantosmia in BPAS. GABA agonists, increased either by pharmacological or neurophysiological means, have been useful in inhibiting phantosmia in each patient group and suggest the relevance of levels of CNS GABA in both initiation and inhibition of these two syndromes.
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